





Popular Astronomy. 


Vol. XXVIII, No. 6 JUNE-JULY, 1920. Whole No. 276 





PHOTOGRAPHS OF INTERESTING NEBULAE. 


In Plates XVII and XVIII we have attempted to reproduce twenty- 
three more of the very interesting photographs of nebulz, from Plates 
IV and V of Publications of the Lick Observatory, Vol. XIII, twenty- 
four having been given in our last issue. These photographs were 
taken by Heber D. Curtis with the 36-inch Crossley Reflector, with 
various lengths of exposure. 

In the reproductions the original photographs have been enlarged to 
different scales so as to be readily compared with one another, and they 
have been arranged so that the major axes of the nebule are nearly 
parallel to each other. Those which we have selected for reproduction 
this month have their planes so inclined that the spiral character is 
plainly recognized in most cases. 

No. 41, N.G.C. 4216, shows quite plainly a long absorption cloud or 
lane in the front part of the nebula. Traces of similar dark clouds are 
seen in some of the other photographs ; especially No. 54, N.G.C. 4826, 
gives an instance of a bright nebula, with its plane turned at a large 
angle to the line of sight, exhibiting a dark cloud over its central part. 
Here the spiral arms of the nebula are so closely coiled that they ap- 
proach ring formation. 

Nos. 56 and 57 are fine examples of many-branched spirals, with 
bright knots suggestive of forming stars strung along the spiral arms. 

In No. 61 the nucleus has a fan-like structure with, apparently, both 
bright and dark spiral arms running out from it. 

Nos. 63 and 64 are interesting because of the rapid curvature of the 
outer parts of the narrow spiral whorls. 

No. 73 gives an instance of two spiral nebule, apparently close to- 
gether and connected by faint streaks, possibly distorted from true 
spiral character by the influence of the nebulz upon each other. 

No. 74 is the satellite or companion nebula to Lord Rosse’s wonderful 
spiral M.51 in Canes Venatici. This satellite, although apparently con- 
nected with one of the arms of M.51, does not of itself show much evi- 
dence of spiral character, but does exhibit effects of absorption of its 
light by dark intervening matter. 
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FIRST STUDY OF HEAVENLY BODIES. 


By MARY E. BYRD. 


Lesson VI. 


It is the privilege of beginners to have genuine part and lot in the 
varied experiences of astronomers whether they are pleasing or the 
contrary. Any one who establishes an observing station and provides 
for it homely, inexpensive appliances shares the pleasure of the as- 
tronomer about to go in and possess a new observatory, just built and 
equipped. And at the threshold dead work stares them both in the 
face! For a time it may be put off, but like Banquo’s ghost it will not 
down. 

While there are large differences in the kind and amount of this pre- 
liminary labor that needs must be done in preparation for the work 
that really counts, for all, astronomers and beginners as well, there 
are two fundamental requirements: to find out where they are and 
what their instruments can do. 

Is it absurd to imply that the astronomer, standing by the solid walls 
of the observatory of which he is director, within the shadow of its 
come, does not know where he is? Are latitude and longitude what he 
wants? Yes, but pray do not suggest that he look on a map. The as- 
tronomer’s problem is to locate a particular point in the observatory, 
for example in the field of his meridian circle, in reference to a corres- 
ponding point in a similar instrument at the Greenwich observatory, so 
that its longitude is known to the fraction of a second of time and its 
latitude with like precision; and this is not exactly child’s play, but 
rather more suggestive of the labors of Hercules. 

Beginners can hardly understand the language used in the observa- 
tory in dealing with geographical coordinates. What meaning for 
them have “thread intervals,” “inequality of pivots.” “least squares,” 
“indeterminate solution,” and a score of other terms? Certainly they 
cannot find their latitude by a series of micrometer measures of pairs 
of stars by Talcott’s method or their longitude by a wireless telegraphic 
campaign. It does not follow, however, that they are barred from 
learning their location with an accuracy quite comparable to their own 
cbservations. They naturally and properly refer to maps, and are also 
aided in no small degree by the geodetic surveys of the general govern- 
ment which have been so extensively conducted that most observers 
are somewhere near a point whose position is fairly well known. If 
then, a large scale map is available on which are marked this point and 
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the given station, the latitude and longitude of the latter may be de- 
rived by making linear measures and reducing them to arc or time. 
In the following illustration the different steps are given somewhat in 
detail : 


“My place of observing, called Lone Elm Astronomical Station (L.E.S.) is 
quite closely 1% mile north and 3% miles west of Fall River, Wis., a town not far 
from Madison where Washburn Observatory is located. Both of these places 
I find on ‘The 1916 Plat Book of Columbia County, Wis.,’ and so to obtain my 
latitude, I first see how far Fall River is north of Madison. The mean of several 
independent measures, with strips of rectangular paper, shows this distance to 
be 22.5d, where d is the smallest division of the paper used. As conveniently 
happens, this division just equals a mile on the map, making Fall River 22.5d 
north of Madison. But as my station is half a mile farther north, it is 23 miles 
north of Madison, and the corresponding value in degree measure is 20’.0, for 


here 1 degree equals 69 miles (Young’s Elements, Art. 89). Hav- 
ing then the latitude of Madison, + 43° 4’.6 (Ephemeris, 1920, p. 678), I simply 
add to it the 20’ to obtain my own latitude, + 43° 24.6, or + 43° 25’ to the near- 


est minute. 
“Using the same map and the same method, I find that Fall River is 16%d 
or 16% miles east of Madison; but my station, being 3’ miles west of Fall 
River, is only 13 miles east of Madison; and the next step is to reduce this dis- 
tance to a time interval, as longitude in astronomy is usually expressed in time. 
Since, at the given latitude, 1° in longitude equals 50.3 miles (Young’s Manuii, 
Appendix, Dimensions of Spheroid), 13 miles equals 62°, and so 62° subtracted 
from 5" 57™ 38° W., the longitude of Madison (Ephemeris, p. 678), gives 5" 56™ 
36° as my required longitude. —A. L. P. 


To what degree such values as these are trustworthy depends main- 
ly on the map and on the coordinates of the station referred to as stand- 
ard. The latter in A. L. P.’s determination, as they are those of Wash- 
burn Observatory, are, to the limits taken, perfect to all intents and 
purposes; and it argues well for the map used that measures made 
independently, on a different map give, very nearly, the same results. 
Even though conditions are not so satisfactory as here, the latitude 
and longitude derived by this method are to be employed, at least tem- 
porarily. Indeed, it is a question whether on the whole there is any bet- 
ter way for beginners to find their longitude. While, theoretically, it 
ought to be determined about as accurately as local time, the problem 
is rather long and complicated and should perhaps be left to teachers. 

'No one, however, can begin too soon to take observations for lat- 
itude, and this brings to the fore the subject of instruments; for though 
the unaided eye can do much, it needs some mechanical help in meas- 
uring angles, and to find latitude means to find angles. There are a 
number of simple appliances that serve the purpose, including jointed- 
rods and protractor (Lesson II), and different forms of the altaz- 
imuth ; but whatever else they have, who are entering upon the study 
of astronomy, they must certainly have the gnomon. It is doubtful 
whether any other astronomical instrument has been in use for so 
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many centuries. It is so ancient that the date of invention is unknown. 

As early as the third century B. C. Phytheas of Massilia employed it to 

determine latitude, and today students with the same appliance under- 
take the same problem. 

How the sun’s meridian altitude is 
derived from an angle of known 
height and the length of its shadow at 
noon is shown by Fig. 2, where BD 
represents the upright shaft and DC 
its shadow, falling on a level surface. 

hy Now, as BC marks the line of direc- 

" Fie. 2 >¢ tion toward the sun and DC is a hori- 

pia zontal line, the evelation of the sun is 

given by the angle DCB. To find its value without calculation, lay off 

on plotting paper the lines BD and DC, at right angles to each other 

and in correct proportion, draw BC, cut out the triangle DCB, and meas- 

ure the angle at C on a protractor of large size. From this angle, as 
is shown a little later, latitude is obtained. 








Were it only for the sake of historical association, it would be well 
to have some practice with the common gnomon, but the form especially 
recommended here is one adapted to the window, where accuracy de- 
pends not on high shafts and long shadows, but on precise measures 
that can be carried to the width of a pencil dot. To obtain the best 
results pains must be taken with a number of details, essentials are 
few, a window facing south, a bit of paper pasted on the glass with a 
hole cut in it, and a level board at the bottom of the window. As with 
a picture puzzle, it may take a little scrutiny to make out the parts of the 
gnomon, for there is no material upright of any kind. It has been re- 
placed by a line on the glass that is not even drawn, the vertical line 
from the center of the aperture in the paper to the projecting board 
below ; and instead of the shadow there is another imaginary line that 
joins the point just noted with the center of the sun’s image on the 
board. So the three points in the window gnomon, middle of aperture, 
point vertically below, and middle of sun’s image, correspond respec- 
tively to the top and bottom of the upright and the end of the shadow. 

Only those who for years have helped students struggle with up- 
rights. that will warp, with stones and platforms that remain neither 
smooth nor level, and with the end of a shadow that has no end but a 
penumbral fringe, only they can realize the comfort of having some 
measures made on glass, and the end of a line given by the center of 
an oval of light (Byrd’s First Observations, §§ 5, 31). 

This form of window gnomon called a solar-image gnomon is ser- 
viceable, not only in obtaining the altitude of the sun, but also in tracing 
its diurnal paths, finding watch errors, and locating a north and south 
line. As soon as the latter is drawn, an observation for the altitude of 
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the sun is made by simply marking its image as stated in the account 
given below. 


“L.E.S., Fall River, Wis., Saturday, March 20, 1920. On this the day of the 
equinox, I begin watching the sun’s image as it approaches the meridian line on 
the projecting board of my S. I. gnomon, and just as it appears bisected, | mark 
its center. 

“To derive altitude from this observation two distances must be measured, 
that from the middle of the aperture on the window to the point vertically below 
(south point) which corresponds to the altitude of the common gnomon, BD, 
in Fig. 2; and that between the south point and the center of the sun’s image, 
corresponding to the length of the shadow, DC, Fig. 2. Measures are made with 
an inch scale and for the first distance are 12.10, 12.00, 11.90. giving a mean of 
12.00; and for the second, the mean of three measures is 11.56. Employing a 
protractor after plotting these distances, I find that the angle at C is equal to 
46° 30’. So that is the noon altitude of the sun at my station, on the day of the 
equinox.” —A. L. P 


The gnomon is pre-eminently a sun in- 
strument. To find the altitude of other 
bodies, moon, planets, and stars, that are not 
dazzlingly bright, a different form of in- 
strument must be provided. The altazimuth 
is especially convenient, as one “setting” on 
a celestial object gives both altitude and 
azimuth. A home-made instrument of this 
kind, named the Circles, has served the 
needs of many elementary students. It con- 
sists, as shown in Fig. 3, of an upright 
shaft, about 5 feet high, and two circular 
protractors, mounted on wooden discs. The 
larger of the two, about 22 inches in diam- 
eter, forms the base and the other is firmly 
screwed to the upright which also carries 
both pointers. This upright is shod with 
iron and fits into an iron socket, set in the 
center of base, and as both shoe and socket 
have wide flanges, it tends to plumb itself. 
The graduations on the upper circle are ~ 
numbered in quadrants, from 0° to 90°, but 
on the lower they are continuous from 0° 
to 360°. 

Testing and adjusting this instrument 
goes hand in hand with making it. Thus, 
the two pointers are brought closely into 
the same vertical plane by an offset near the Fig. 3. 
top of the upright shaft; as the vertical 
circle is being fixed in place, the line joining its zeros from which alti- 
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tudes are measured is made very nearly horizontal with the help of a 
carpenter’s level; and if the socket in the base is accurately centered, 
the azimuth readings taken at the opposite ends of the lower pointer 
are separated, as they should be, by 180 degrees. Errors still outstand- 
ing are partly eliminated by reversal, that is, by making settings witli 
the vertical circle facing in opposite directions. 

A different form of altazimuth has been devised by L. FE. B. of Kan- 
sas City, Mo. But just a word sub rosa! I have a fear that the de- 
scription of a third instrument will be “skipped” and so make the skip 
in giving it! Let us turn immediately to the observations obtained. 
Among a number of meridian altitudes reported are these: 

“2509 Askew Ave., Kansas City, Mo., Sunday, Feb. 29, 1920. At 9" 25™ Pp. M., 
C.S.T., I measured the meridian altitude of the star Procyon and found it to be 
56° 30’, which gives a zenith distance, 3° 30’. 

“At the same place, Sunday, March 14, I obtained 49° 00’ for the noon altitude 
of the sun, making its zenith distance, 41° 00’.” 


Having now two meridian altitudes of the sun and one of a star, 
we are ready actually to find latitude, and in this Fig. 4 should give 
“aid and comfort.” 

Here the semi-circle NPZQS 
represents the half of the celestial 
meridian above the horizon, V and 
Rt S fixing the north and south points, 

P, the pole, 7, the zenith, and Q, the 

intersection of equator and the 
ny meridian. 

Fig. 4. Consider first the noon altitude 

obtained at Fall River on the 20th 

of last March. As that was the day of the equinox the sun was on the 

equator, that is at QO in the figure, and its altitude 46° 30’ corresponds 

to SQ and its zenith distance 43° 30’ to OZ. But QZ is the declination 

of the zenith and, therefore, equals the latitude of the place ( Young’s 

Elements, Art. 47.) So according to this observation, the required lat- 
itude is + 43° 30’. 

For the sake of simplicity, two minor points were omitted above, but 
it is desirable to include the correction for refraction when the data 
from observation are carried to minutes of arc. Thus, the sun when 
cbserved, owing to the effect of our atmosphere, appeared 1’ higher 
than it really was (Young’s Elements, Art. 50; Young’s Manual, p. 
591), making the corrected altitude 46° 29’ and zenith distance 43° 31’. 
Then too it must be remembered that the crossing of the equator is in- 
stantaneous and almost never occurs at just the instant of meridian 
passage, so even at noon, at the equinox, the sun is invariably a little 
north or south of the equator. At the date given, it was 5’ south when 
on the meridian (Ephemeris, 1920, p. 515), and its zenith distance 43° 
31’— 5’, that is, 43° 26’ is the latitude derived with these small correc- 
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tions included, and they are small when compared with the probable er- 
rors of beginners, using home-made appliances. 

The reduction of the two Kansas City observations is quite similar, 
though the declinations involved there are so large that they cannot be 
omitted. That for the sun being —2° 27’, take S”, Fig. 4, as the sun’s 
position, S”Q declination, S” Z zenith distance: then S” Z—S”Q 
=: OZ, or substituting numbers 41° 01’ — 2° 27’ = 38° 34’. And that 
is the declination of the zenith or the latitude of the place. On the 
other hand, the star Procyon, Feb. 29, was 5° 26’ north of the equator, 
say at S’, with declination QS’ and zenith distance S’ Z, so QO S’+ S'Z 
= QZ or 33° 31’ + 5° 26’ = 38° 57’, the latitude desired. Note that 
as south declinations are negative, the general rule for finding latitude 
from zenith distance is, add algebraically to that distance the body's 
declination for the given date. 

Since the correction for refraction is 1 


‘in each of the three obser- 
vations, the following tabular reduction begins with corrected altitude: 


L.E.S., Fall River, Wis. 2509 Askew Ave., Kansas City, Mo. 

March 20, 1920 March 14, 1920 Feb. 29, 1920 
Sun’s corrected Alt., 46° 29° 48° 59’ Procyon’s Corrected Alt.. 56° 29 
Sun’s zenith distance, 43 31 41 01 Procyon’s zenith distance, 33 31 
Suns Decl. fr. O. F. A., —5 —2 27 Proc. Decl. fr. Ephem., + 5 26 
Decl. of Zen., latitude, 43 26 38 34 38 57 
Stan. latitude fr. map, 43 25 395 Ss 
Error of observation, 1 31 8 


The more accurate value for the first error, obtained by calculation, 
is larger, not far from the mean of the other two, and that is more 
reasonable, for the facilities emploved make an error of 1’ improbable. 

It is by testing observations by independent standards, as above, 
rather than by the more theoretical methods of astronomers, that those 
who are users of rude instruments meet the second fundamental re- 
quirement, and learn the trustworthiness of their tools. 

One interesting observation for latitude, when a star is north of the 
zenith, as at N’ and N”, Fig. 4, has not been considered. Perhaps some 
student of the “lessons” will report the meridian altitude of a far- 
north star and explain how latitude is derived from altitude and de- 
clination. Any one should be able to work out the problem from the 
celestial globe, but, alas, that is not often available. Even teachers, I 
fear, do not realize its importance in gaining real knowledge of the 
celestial sphere, reference circles, coordinates, and the many exer- 
cises connected with them. If the popular notion, that in the study of 
astronomy a telescope is the first thing needed, could only be revised, 
and first place given to the celestial globe, it would be, in my judgment, 
a consummation devoutly to be wished. 

Those who have the opportunity will naturally use the globe instead 
of a figure with some of the following exercises 
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Topics ror Lesson VI. 

1. a. Define terrestrial latitude and longitude. Young’s Elements 
Arts. 40, 47, 61. 

b. Using an accurate map of large scale, find the latitude of the 
place of observation by measuring its distances from some station of 
known latitude. 

2. Find in like manner the longitude of the place of observation. 

3. Describe the common form of gnomon, and explain with a figure 
how the sun’s altitude may be obtained by measuring the noon shadow 
of an upright shaft. 

4. a. Giving and carefully applying definitions show from Fig. 4 
that the angular distance between the equator and zenith, measured 
along the meridian, that is QZ, is the declination of the zenith (Lesson 
III). 

b. From the same figure, show that the declination of the zenith 
equals the altitude of the pole. 

5. Given the sun’s noon altitudes at the solstices, 27° 42’ and 74° 
40’, derive the latitude of the place, explaining in full. 

6. a. Observe the sun’s noon altitude, if possible on the day of the 
summer solstice, and taking the obliquity of the ecliptic, 23° 27’, as- 
certain the latitude of your station, explaining the steps required. 

b. On or near the date of the solstice, locate a five-point path of 
the sun, including southing and rising or setting. 

7. Fix a position for Mars, and having located the planet both for 
this observation and one taken in May, see if any change can be de- 
tected. 

8. Read the account of Mars given in Young’s Elements, make 
notes, and write out a story that would be interesting to tell a child. 

9. During the last week in the month identify Mercury, giving in 
the notes a full account of the observation. 

10. Make a map of Lec or Scorpio. 


In identifying Mercury, be sure to note whether any stars in Gemini 
are visible. 


Route 9, Box 77, Lawrence, Kansas. 
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WHEN AN ECLIPSE PREVENTED A WAR. 


By WILDIAM F. RIGGE. 


It is an historical fact that once, at least, a total eclipse of the Sun 
really prevented a war. Of course, the threatened war was not of the 
magnitude that shocked the world a few years ago, nor would it prob- 
ably have equalled the wars that so-called civilized nations are ac- 
customed to wage. It was only an American [Indian war, which might 
have been finished with the year. Still, there is no telling, as history 
shows in regard to the origins of so many other wars: and the map of 
a large part of North America might have been essentially modified if 
the incipient war had not been nipped in the bud. I am sure that the 
whole world would have most sincerely wished that the total eclipse 
of the Sun, which was visible in Norway, Sweden, Russia, and Persia 
on August 21, 1914, would have as effectually frightened the com- 
batants from further participation in the great war that had just begun 
three weeks before, as it drove the untutored children of the plains in 
disorderly flight back to their peaceful homes. 

A total eclipse of the Sun is always an awe-inspiring sight to those 
that have never viewed it before, even when the event has been fore- 
told and explained to them. But when it is not understood and not 
expected, the gradual disappearance from view in a clear sky of the 
glorious orb of day, upon which our light and heat and our very lives 
depend, and the unmasterable dread that this new and unknown phe- 
nomenon may forebode its absolute and final extinction forever, must 
surely fill even the stoutest heart with nameless terror and the imagina- 
tion with unutterable anguish. No wonder then that some people that 
we call savage, think that a great dragon is eating up the Sun, and then 
try to frighten it away by making their loudest and most prolonged 
noises until the dragon goes away again. No wonder, too, that a tribe 
just starting out on a war path, with perhaps a none too firm convic- 
tion of the justice of their cause, should take such a total eclipse of 
the Sun as a sure sign of the wrath of the Great Spirit and as a pre- 
monition of still greater harm to come, unless they buried the hatchet 
and desisted from their murderous designs. 

As is generally the case with the historical facts of ancient or un- 
civilized nations, the expression of these facts in writing or in tradi- 
tion is so vague that the desired precision in the date of their occur- 
rence can seldom be secured. But when these facts are connected with 
eclipses, it is sometimes possible to determine with all the necessary ac- 
curacy the very day and hour and even minute when they happened. 
As examples we may refer to the celebrated solar eclipse of Thales that 
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interrupted a battle in Asia Minor on May 28 in the year 584 B. C., 
and to the lunar eclipse which occurred on the night of Herod’s death 
and which proved that our present year 1920 is probably the 1925th7 
after the Birth of Christ. In like manner, and even to a more success- 
ful degree, the total eclipse that prevented an American Indian war, 
has served to fix an historical date. A brief history of the problem may 
therefore be of interest and may lend considerable aid to those under- 
taking a similar work. 

It was on July 23, 1915, that I received the following letter from 
Rev. Michael A. Shine of Plattsmouth, Neb., who is probably the great- 
est authority on the early history of Nebraska and adjoining states: 
‘I am sending you an astronomical preblem, the solution of which will 
be of great assistance to me in having a definite date in relation to an 
Indian tribe. Here are the data, all that I have. The Cheyenne In- 
dians migrated from the St. Peter’s or Minnesota River, Minn., to 
North Dakota about the vear 1700. They located and built their vil- 
lages on the Cheyenne River, or as it is sometimes called, the Cheyenne 
Fork of the Red River. While located here a great war party set out 
from the village one day. After they had been out for a short time, the 
sun was blotted out in full day and the party became so terrified that 
they fled precipitately back to the village. 

“This no doubt was an eclipse of the sun, either total or nearly so. 
A list of eclipses for this section of the country would be very valuable, 
as the Indians were great observers of nature, and many definite dates 
could be assigned to their statements. I realize that the data I give are 
very indefinite, but knowing your liking for difficult problems of this 
sort, I take the liberty of sending you this one, in order to see if this 
kind of data can help me in my investigations.” 

And ina postscript he adds: “About 1730 the Cheyennes, in terror 
from the Sioux and others, it is said, moved further westward toward 
the Black Hills. Hence the date required would be between the vears 
1700 and 1730.” 

In a week after the receipt of this letter I started off on a trip to 
California to attend the meeting of the American Association for the 
Advancement of Science and of the American Astronomical Society in 
San Francisco. It was on August 6, 1915, when the Astronomical So- 
ciety was about to begin its closing session in the library of the Lick 
Observatory, that Prof. G. D. Swezey of Lincoln, Neb., whom I had 
consulted on the matter, pulled out Oppolzer’s Canon der Finsternisse 
from the shelves and said, “Here is the book you want.” The few 
minutes I could give to its examination told me my eclipse was on chart 
139 or 140. These two were kindly photographed for me by W. H. 
Wright, assistant astronomer, and sent to me on October 11. 


*Astronomical Papers prepared for the use of the American Ephemeris and 
Nautical Almanac, Vol. I, p. 55. 


+The number varies from the 1924th to the 1928th. not on account of the 
eclipse, but on account of the difficulty of interpreting historical documents. 
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It took then but a few minutes to see that the tracks of the annular 
eclipse of 1717 October 4 and of the total eclipse of 1724 May 22 
passed close enough to the place to produce an obscuration that was 
not far from being total. The 1724 eclipse was accepted by Fr. Shine 
as the one he was looking for. The next step was then to investigate 
the magnitude of the eclipse as seen by the Indians. 

The place in which these Indians were at the time had been accurate- 
ly located by George F. Will in his article on “The Cheyenne Indians 
in North America,” which appeared in the Proceedings of the Missis- 
sippi Valley Historical Association 1913-1914, Vol. VII, in which on 
page 70 he gives the narrative as italicised above, and locates the place 
as 6 or 7 miles southeast of Lisbon, North Dakota, on the southeast 
side of the big bend of the Cheyenne River, in latitude 46°.38 N and 
longitude 97°. 53 W. 

It was a rather long and difficult problem, even to one accustomed to 
plot eclipse maps, to lay down the track of totality of this eclipse of 
1724 May 22 on an enlarged scale for the state of North Dakota from 
no other data than Oppolzer’s map No. 140. A comparison of this 
Dakota central line and its extension with Oppolzer’s is shown in the 
annexed map, in which the broken line is Oppolzer’s, and the full line, 
marked off in modern central times, is my own, slightly modified how- 
ever by later corrections. The divergence is too large to be tolerated. 
It put me in a great dilemma. While I dared not distrust a man that 
had plotted about eight thousand solar eclipses, much less arrogate to 
myself a knowledge superior to his, I was equally convinced that I had 
made no mistake. 

The opportune receipt of the American Ephemeris for 1918 began to 
break the deadlock in that it suggested to me to compare the track of 
totality of the eclipse of June 8 there given with that on Oppolzer’s 
map No. 149 as published in Comstock’s Astronomy, page 114. As 
these two plots disagreed as much as those of the 1724 eclipse, the true 
solution of the difficulty began to dawn upon me, that, according to 
Young’s Manual of Astronomy, page 272, Oppolzer’s plots were only 
approximate. Indeed, they could not be more, because the plotting of 
so many eclipses could allow him to give only the points of sunrise, 
noon, and sunset for each eclipse, and to connect these by an estimated 
line. 

This knowledge, however, did not inspire me with the sufficient re- 
liance upon my own plot. Even Oppolzer’s numerical data for the 
1724 eclipse, then sent me by Prof. Wright, proved to be of little help 


because I did not have the key to his notation. It was thoroughly evi- 


dent therefore that the only thing to do-was to get a copy of Oppolzer’s 
Canon der Finsternisse. This was accordingly ordered of a New York 
importer. After some time I was informed that the book was very 
scarce and in great demand, that there was nota single copy to be had 
in England, and that the copy ordered in Germany was on account of 
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the war held back at Rotterdam. I was advised that it might possibly 
be released through the influence of the British Ambassador at Wash- 
ington. A letter to him on the subject, however, had no effect. Finally, 
ten months after the Great War was over, on September 8, 1919, I re- 
ceived the priceless treasure, the want of which | had felt for many 
years. Needless to say, it gave me all I wanted. 

A study of Oppolzer’s book showed that no completely total 
eclipse of the Sun had ever occurred at the place in question within at 
least three centuries. The obscuration was a maximum, 98.8 per cent, 
in 1679 April 10; the next, 96.4, was in 1724 May 22, and the third in 
order of magnitude, 91.0 per cent, was in 1717 October 4. Of these 
Fr. Shine selected his previous one, the eclipse of 1724 May 22, as 
agreeing best with his requirements. 

The appearance of the Sun in mid-eclipse is shown in the insert of 
the accompanying figure, while the map gives the totality belt for ten 
minutes near the place at which the Indians were, and which is marked 
with a cross ina small circle. The upper small circle similarly marked, 
which is beyond the border of the map, is the place where mid-totality 
occurred at local apparent noon. The times indicated are modern cen- 
tral times. Accordingly, the eclipse reached its maximum obscuration, 
96.4 per cent, at 11" 4™.2 central time, 10° 37™.1 local mean time, and 
10° 37™.9 sun dial time. Fixations like these by means of eclipses of 
unknown or doubtful historical dates are some of the great practical 
uses of astronomy. 


TO A NOVA 


Immortal star, that blazeth forth so bright 
Increasing hourly thine incandescent ray, 
What meaning would thy radiance convey 

Could we translate the message of thy light 

Thy life was like a diamond’s flash at night 
In boundless space where ages are a day; 
Thy splendor. kindled in a matchless way 

Faded beyond the reach of human sight. 
Another star did thee antagonize, 

Or filmy nebula in meshes fine ensnare, 

Turning thy pearl an angry ruby hue. 

Oh transient star! thy mysteries tantalize, 
Delight. and challenge mortal minds to dare 
Divine and occult secrets, to pursue 


Inez L. B. CLoven, 
Mount Holyoke College 
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AN ELEMENTARY VIEW OF DIFFRACTION AS APPLIED 
TO PHOTOGRAPHIC PHOTOMETRY. 





By ALICE H. FARNSWORTH. 


The true explanation of the phenomenon of diffraction is due to 
Fresnel (1816) who thoroly investigated the subject and showed that 
all the observations could be accounted for by Huyghens’ principle 
of the propagation of light and Young’s theory of interference (1801). 
Fraunhofer (1821) developed further the theory of diffraction and 
made the first grating, by means of which he determined the wave- 
length of light.’ 

According to the theory first developed by Huyghens in 1678, light 
consists of transverse vibrations. In Fig. 1, RT represents the position 
of rest of a series of rigidly connected particles. Suppose P is made 
to vibrate with simple harmonic motion.? The disturbance is communi- 





cated to the following particles and, as will be shown in a later para- 
graph, the displacements form a sine curve. The wave-motion ad- 
vances through a distance PB (=A, the wave-length) while any given 
particle executes a complete vibration. If T is the period of vibration, 
the wave-velocity is thus A/T. The maximum displacement of a par- 
ticle from rest is the amplitude (a) of vibration shown by PC or EF. 
Particles that execute the same motion simultaneously are a whole 
number of complete wave-lengths apart and are in the same phase (P 
and B, G and K); particles distant from each other an odd number of 
half wave-lengths are in opposite phase (P and F. G and H). The 
difference between the times at which any two particles of the medium 
pass through the middle points of their paths divided by the period of 
one vibration is the phase difference between the particles. 


*Baly, pp. 18 and 24. (See end of article for complete list of references, giving 
author and title.) 
? Millikan and Mills, p. 224. 
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Referring to what is known as Huyghens’ principle,® let O (Fig.2) 
be a point source sending out spherical waves in an isotropic medium. 
At the end of a certain time the disturbance will have put all points 
on the spherical surface s, into the same state of excitation and this 
s, will constitute the wave-front for the moment. A wave-front may 
thus be defined as a surface containing particles that are all in the 
same phase of vibration.* Every point in the wave-front becomes a 
new source from which secondary waves spread. These innumerable 
wavelets starting together from all points affected by the principal 
wave overlap and interfere with each other, and Huyghens infers, as 
may be shown by mathematical analysis,° that these secondary wave- 
lets destroy each other except at the points of the surface which en- 
velops all secondary wave-fronts. This enveloping surface becomes 
the new principal wave-front. Thus reproduction of the original dis- 
turbance, i. e. an image, should be sought only in an enveloping sur- 
face. In any given direction the disturbance evidently travels in a 
straight line. 

The general equation for the vertical displacement (y) of a particle 
vibrating with simple harmonic motion follows. This motion is 
sometimes defined® as the projection upon a straight line of uniform 
motion in a circle. Accordingly let O (Fig. 3) be the position of rest 
of a particle P moving along MN = (twice the amplitude a) while a 
corresponding particle P’ moves uniformly around the circle in the 
time T. 

Speed of P’ =27/T radians per second. 

Suppose after ¢t seconds P’ has moved through the angle ROP’ 
2nt/T radians, while P has moved through the distance OP. 

In the AOPP’, 2 OP’P = ROP’ = 2xt/T and OP’=a. Then 


OP = y= a sin 2tt /T, (1) 


For another particle Q, leaving its position of rest t’ seconds later 
than P 


y’ =a sin 24(t—t’) /T (la) 


where t’/T is the phase difference between the two particles. For a 
particle such that t’ = T, its state of motion will be the same as that of 
P and its distance from P will be A. Suppose Q is distant +’ (See Fig. 
1) from P, then 

x’ /X=t'/T, whence t’ = x'T/r 


Substitute this value of t’ in equation (la) and the general form of the 
equation becomes 


v =a sin 27(t/T—2x' /r) 


* Southall, p. 11 and Fig. 6; also Crew, p. 444 
* Millikan and Mills, p. 239, 

* Kimball, p. 649. 

* Kimball, pp. 80-83. 
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In this expression note that 27+'/A (= 2z/A times the path difference) 
represents the angular retardation between the two particles. 

The resultant amplitude obtained by superposing two disturbances 
of same amplitude but different phase (one retarded over the other) 
may be deduced as follows.’ 

Let a = original amplitude of each wave 
A = resultant amplitude from superposition 


y =displacement due to first disturbance Equation (1) 
y’ = displacement due to second disturbance. Equation (2) 


The sum of the displacements becomes, by adding equations (1) and 


(2) 


Y = y+y’ =a sin 2tt/T +a sin 24(t, T—2" A) 
Put a= 2zxt/T and B = 2r-'/d, then 
Y = asina+asin (a—B) 
=asina+asinacos 8 —asinBcosa 


or Y =—asina (1+ cos 8) —asin£ cosa. (3) 


In order to deduce 4, equation (3) must be put into form 


Y =A sin (a—7) 
= A (sinacos ¥Y —cos @ sin Y) 
or Y =A sinacos ¥—A sin ycosa (4) 


Comparing (3) and (4), 


Acos¥ =a (1+ cos B) 5 

Asiny=asinB., (6) 
Squaring and adding (5) and (6), 

A? =a (1+ 2 cos 8 + cos’ B + sin’ B) 

= a’ (2+ 2cos B) 
“ 

Whence resultant amplitude 

A=a V (2+2cos 272’ /d) (7) 
Thus 

A= 2a when 2” = 0, A, 2d - - - 

A=0 when 2” = 0/2, 3/2, 5A /2 - - - 

4 


r 
A=aV2 whens’ =A 
I 


The relation between intensity (7) and amplitude follows from the 
energy relations.* / is measured by the luminous energy falling on unit 
area in unit time. 

Energy of a particle m moving with simple harmonic motion is mz? /2 
Velocity at the center varies as the amplitude. 

Energy of any simple harmonic disturbance varies as square of amplitude. 
Therefore J varies as the square of the amplitude. 

The detailed study of the interference phenomena produced by 1, 2, 
or n slits will show that under certain conditions destructive interfer- 
ence occurs between particles in opposite phase situated in different 

* Miiller-Pouillet, p. 250 

* Crew, p. 485; and Miller-Pouillet, p. 242. 
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parts of the same aperture, or in homologous parts of two adjacent 
apertures, or in homologous parts of larger groups of apertures. These 
minima are accompanied by maxima which are the spectra of Fraun- 
hofer’s Ist, 2nd, and 3rd classes, respectively. Of these the 2nd class 
is the most important, being the spectra of the diffraction grating. 
One slit.” Let the source be a distant bright line of monochromatic 











Fug 3 





light, so placed that rays from it on reaching screen CN (Fig. 4.) form 
a parallel beam. WV, then, is a plane wave advancing perpendicular 
to the rectangular opening whose projection in the plane of the paper 
is Ab. LS is a lens which changes the plane wave to a converging 
one.'? A plane wave AB parallel to the grating is converted by it to 
a concave wave converging on P, the lens retarding the middle portion 
more than the edges, so that all parts reach P at the same instant. An 
oblique wave AD is brought to a focus at P’ on the line through the 
center of the lens perpendicular to AD. Because of the lens it takes 
light equally long to reach P’ from all points on AD; therefore wave- 
lets from the aperture that agree in phase on reaching AD will also 
agree in phase at P’. Therefore in investigating the effect of interfer- 
ence phenomena at P’, one need be concerned only with conditions 
along AD. 

The image of the source formed in the surface PP’ will be a central 
bright band bordered on either side by alternate dark and bright bands, 
the latter decreasing rapidly in intensity as they are farther from the 
central bright band. 

Since WV is a plane wave, it is assumed that all the particles along 
AB, hence along DE are in the same phase of vibration. They all re- 
inforce each other at P and form there the bright central image (the 
amplitude of vibration being equal to the sum of all the amplitudes of 
the elements combining to form it). Since secondary wavelets above B 
and below A are cut off by the screen, the assumption may no longer 
be made that the only resultant effect from the source is to be found 
in the envelope DE," and an image only in the direction perpendicular 

* Mann, pp. 11-14. 


” Kimball, p. 655; and Crew, p. 488. 
"Millikan and Mills, p. 259 
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to DE. Investigation must be made of the conditions in other directions, 
for example perpendicular to AD. The lens brings the vibrations from 
all points along AD toa focus at P’, the resultant effect there depending 
on the variation in phase of the points along AD, which depends on the 
angle @ between AB and AD. 

If BDA, the phases of successive points along AD (referred to 
their original state in the plane wave AB) will vary from A to 0; i. e. 
the phase at D will be a whole period ahead of that of AB, while at A 
the two will coincide. Hence every point in half of AD will have a 
corresponding point in the other half of AD whose phase differs from 
its own by A/2. Therefore when vibrations from all points along AD 
are brought together at P’ they destroy each other in pairs, and dark- 
ness, a minimum, results. 


Let AB=aand / BAD (==PQP’, the angle of diffraction) = 8@. 
The condition for the first dark band, then, is 


BD =A, or siné= BD/AB = 2/a. (Since @ is small, write sine for tangent). 


Other minima occur when BD = 2A, 3A, 4A -- - - mA; hence the gener- 
al condition for a minimum is 


BD = mA or sin@ = mA/a. (8) 


If, however, (Fig. 5) BD’ = 3A/2, the phases of points along AD’ 
will vary from 0 to 3A/2 and the beam of light may be thought of as 
divided into 3 sections of equal width by planes perpendicular to AD’, 
each section containing points whose phases vary over half a period. 
The corresponding points of two of these sections will be in opposite 
phases and in a condition to destroy each other in pairs; the third 
section will transmit light to the focus of the lens and produce a max- 
imum of illumination there. Similarly when BD’ = 5)/2, it is con- 
venient to think of 5 sections, one of which is really effective in pro- 
ducing illumination at the focus, forming a maximum less intense than 
in the previous case. Thus when BD is any odd multiple of A/2, the 
phases of consecutive points along AD vary from 0 to (2m+1) A/2, 
and we may conceive AD divided into (2m+1) equal parts of which 
2m are in a condition to destroy each other in pairs, leaving one part 
to send light to the focus of the telescope. Hence the condition for a 
maximum is 


BD = (2m +1) 2/2 or sing BD/ a= (2m+1) A/2a. (9) 


Equation (9) shows that the angular separation of the maxima from 
the central image is 

1) inversely proportional to a, the width of the opening ; 

2) directly proportional to A, the wave-length of the light used. 
Thus if the source is white, blue wave-lengths will fall closer to the 
central image than red, and each bright maximum will consist of a 
spectrum so placed that its blue end points to the central image. 
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These fringes produced by diffraction through a single slit were 
called by Fraunhofer spectra of the first class.** For a photograph, 
see Michelson, p. 133, Fig. 95. 











Fig. 6 


For a graphical representation of the illumination due to one slit, 
it is necessary to determine, in terms of the intensity of the central 
maximum, the intensity when the path-difference between the two ex- 
treme particles of the aperture has values between 0 and A. Let it be 
required to find the intensity when this path-difference is A/2. An 
approximate value, very close to that obtained by integration, may be 
derived by considering the slit divided into 16 elements’* and making 
use of equation (7). 

Let 

a be the amplitude of vibration for each element 

A the resultant amplitude from the number of slits indicated by the subscript 

attached 

I the total intensity for the central maximum 

Then 
I (16a)? = 256a?. (10) 

For any two adjacent elements 


x’ = 2/32 and each amplitude is a, 
V 


A: =a (2+ 2cos 2mx’ /r) a V 3.962 


For two adjacent pairs (involving 4 separate elements ) 


x’= 2/16 and each amplitude is 42, 
y 1, A; V 3.848 . 


For two adjacent bundles of 4 (8 elements) 


x’ = 2/8 and each amplitude is ,, 


A,= A, V 3.414. 


For two adjacent bundles of 8 (16 elements) 


a’ =/4 and each amplitude is A, 
Ay= A, V 2 
Whence 
Aw =a V (3.962X3.848X3.414X2 ) = amplitude of resultant . 


® Wood, p. 157. 
§ Miuller-Pouillet, p. 796 
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According to the principle deduced on page 328 


I Pa a 104.1. 
n/2 


Substitute for a® its value from equation (10) 
I 0.406 J (Rigorous solution gives 0.4053.) 
n/2 
The amplitude of the maximum when BD = 3, 2 is evidently due to 


1/3 the above i.e. ly gang l, . = 0.045 J. (First adjacent max- 


mum. ) 


Thus the relative heights of ordinates representing the intensities of 
successive Maxima are found. 


Two Slits..*| Let the conditions for the illumination of AB (Fig. 6) 
be as in the previous case; the width of each of the two openings is a, 
of the opaque space between, d:; P is the focus for the wave-front BC, 
P’ for some other, AD. AD is drawn from A, a point determined by 
the condition that BA = 2(a+d). 

As before, the points along BC or DE are all in the same phase and 
produce a central bright image at P. 

If BD—,A, 3a, 5A--- (2m+1)A, then FG BD/2=A/2, 3A/2 -- 
(2m + 1)A/2. Therefore points along DK are in opposite phase from 
corresponding points along GN. Thus the conditions for the minima 
caused by the interaction of two slits are 


sin@ = BD/BA (2m +1)A/2(a+d) (11) 


If BD= Zi. 4X, Ov’, ee « 2X ‘. <. H( 1 — A, 2x. SA, ----71X cor- 
responding points along DIK and GN are in the same phase and max- 
ima are produced where 


sin @= 2md/2 (a+d) (12) 


These maxima and minima are of 'raunhofer’s second class'* and are 
the spectra yielded by the diffraction grating, resulting from interfer- 
ence phenomena between homologous rays from two slits. In equations 
(11) and (12) m denotes the order of the spectrum. 

At this point several facts are to be noted as important: 

1) Each of the two slits by itself, assuming that they are of finite 
width, must produce maxima and minima of the first class." 

2) At points where each slit produces a minimum of the first class 
there must be darkness; but where the vibrations from one slit alone 
would produce a maximum, vibrations from the second slit may 
interfere in such a way as to produce darkness ;"" i.e. we may expect 

“Mann, p. 20. 
“Wood, p. 168. 
"Wood, p. 157; and Millikan and Mills, p. 266 
* Miiller-Pouillet, pp. 802, 3 
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first class maxima to be crossed by second class minima but only dark- 
ness in the positions of first class minima. (See Michelson, page 135, 
Fig. 98 for photograph of interference phenomena from two slits). 


3) Comparing equation (9) with (11) and (12) it is evident that 
the number of second class maxima and minima that will fall within the 
central maximum of the first class will depend on the relation of the 
slit-width (a) to (a+d). 


4) Comparing equations (8) and (12) it is evident that certain 
maxima of the second class will be missing when (a+d) is an integral 
multiple of the width of the slit. 


5) The angular separation from the central maximum of these 
“absent spectra’’’* varies inversely as the width of the slit. For a 
parallel wire grating used in photometry, this width is large compared 
with A and these minima may be expected to be of importance; in the 
case of an ordinary diffraction grating, with thousands of rulings to 
the inch, used for producing spectra, the slits are so narrow that the 
points where spectra are absent are too far removed from the central 
maximum to appear in the field. 


(TO BE CONTINUED) 
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THE THEORY OF RELATIVITY. 
By WILLIAM H. PICKERING, 


It seems to be not only a general impression, but a widespread belief 
that Relativity is a subject that only the elect can understand. By the 
elect in this case is meant the mathematicians. Now the mathemati- 
cians are a very select and intellectual body of men, who speak a pecu- 
liar language of their own, not understood by the rest of the world, but 
they hold no monopoly of intelligence, or clear sightedness, and are just 
as liable to make mistakes, and be in the wrong, as anybody else. It 
may be, as Einstein himself is said to have said, that there were only 
a dozen men in the whole world who could follow all his computations, 
but for every one of these there must be at least a hundred, who can 
understand all that any one can understand of the results, and perhaps 
a thousand who can understand most of them, when they are translated 
into the vernacular. 

The present article contains nothing original, save some of the com- 
parisons, and the method of presentation. It is based on the reports 
of a meeting held in London, which are contained in the Monthly 
Notices of the R.A.S. for December, 1919, and in the Journal of the 
B.A.A. for November, 1919, and for January, 1920, also on a paper 
by Eddington on “Gravitation and the Principle of Relativity” pub- 
lished by the Royal Institution of Great Britain in 1918. These arti- 
cies have simply been digested, the mathematics eliminated, and the 
main conclusions rearranged in logical sequence, and in plain words. 


WHY CALLED RELATIVITY, 


It was formerly believed that the universal ether, whose vibrations 
were supposed to transmit light, was stationary, and that we might 
determine our absolute velocity by reference to it, if the proper means 
could only be devised. The principle of relativity states that, based 
both on theory and on experiment, this is impossible, that we can only 
determine the direction and velocity of the motion of one body rela- 
tively, and by reference to another, which is also in motion. Thus we 
refer the motion of a railroad train to the ground, and of a planet to 
the Sun.: 


The theory covers a very wide diversity of subjects, some of the 
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more important of which will be discussed briefly in this paper, and 
may be classified as follows: 


(a) The Water Telescope. 

(b) The Velocity of Light. 

(c) Size dependent on Velocity. 

(d) Transportation of Time. 

(e) Gravitation. 
(f) The Fourth Dimension. 

(g) Mass and Energy identical. 


THE WATER TELESCOPE, 


The first fact discovered bearing on this question was determined 
by what is known as the water telescope, and relates to the phenome- 
non known as the aberration of light. It has been found by astrono- 
mers that the apparent positions of the stars in the heavens vary slight- 
ly, depending on the position of the Earth in its orbit. This has noth- 
ing whatever to do with their parallax, because all the stars are equally 
affected, no matter what their distance from us may be. What it does 
depend on is the direction and velocity of the Earth in its orbit. The 
appearance is as if the Earth were stationary, and all the stars de- 
scribed small orbits in the heavens, the major axes of all the orbits be- 
ing identical, and 41” in length. The displacement is therefore in gen- 
eral one hundred or more times that due to parallax. 

The explanation given in the text books is that the phenomenon is 
due to a combination of the velocity of light with the velocity of the 
Earth in its orbit, and that the tangent of the angle of aberration for 
a star at the pole of the ecliptic is equal to the latter velocity divided 
by the former. To illustrate it a tube is supposed to be taken out in a 
rain storm where the drops fall vertically. If the drops are required 
not to strike the sides, then the tube must of course be held vertical. 
But if we advance with the tube in the direction indicated by the arrow, 
Figure 1, then the tube must be tipped, so that by the time the drop 
has fallen from 4 to B, the tube shall have advanced from C to B. 
With regard to the tube, the drop will then have followed the course 
AC exactly parallel to the side. This angle corresponds to the aber- 
ration. 

This is the explanation of aberration on the corpuscular theory of 
light, but it has been shown mathematically that it applies equally well 
to the undulatory theory, on one assumption, and that is that if the 
light is an undulation of a medium, then this medium must permeate 
all bodies freely, and pass through the metallic walls of the telescope 
as if they were a sieve. Otherwise when the wave front struck the top 
of the telescope it would disturb the ether carried within it, and the 
tube would have to be inclined less. Thus we might imagine a rain 
drop falling into a moving tube containing air. This would press on 
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the side of the drop as the tube moved, and push it forward, so that 
the tube would not have to be inclined quite so much. Making this 
assumption of the ready permeability of matter by the ether, we find 
that on either theory of light, adopting the independently known veloc- 
ities of light and of the Earth in its orbit, the computed value of the 
aberration agrees with the observed one within the limits of probable 
error. 
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Fig. 1 Fig. 2 

This was all very satisfactory and simple, until it occurred to Airy, 
based on a previous experiment by Klinkerfues, to fill a telescope with 
water, and determine the constant of aberration. Light passes 
through water more slowly than through air, consequently the angle 
of aberration should be increased, as we see at once by Figure 1. 
Knowing the velocity of light in water, the angle was calculated. Un- 
fortunately for our explanation, however, it was found that the angle 
of aberration remained just the same as in air. 

In an endeavour to explain this, it was suggested that some of the 
ether moved with the water, and some passed freely through it and 
the walls of the telescope, so that the distance BC was diminished ex- 
actly in the right proportion to the diminution in 4B. This did not 
seem very satisfactory, and an experiment by Michelson and Morley 
next showed that when a ray of light passed either with or against a 
current of water, the velocity of the light remained absolutely unal- 
tered. The same result was obtained with air. Consequently none of 
the ether was carried with the water, and the experiment with the 
water telescope still requires a simple explanation. 


THE VELOCITY OF LIGHT. 


This is only our first difficulty. Suppose now that we have a rail- 
road train one-quarter of a mile in length. Suppose that on a calm 
day when the train is stationary we fire a gun from the engine. Then 
an observer who is located on the train 1100 feet behind us will hear the 
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sound in just one second. Suppose now that the train should start up, 
and could attain a speed of seventy miles an hour, or 100 feet a second. 
In order to hear the sound in one second the observer would have to 
be stationed at a distance of 1200 feet, because he would in one second 
advance 100 feet, and would thus meet the sound wave coming back 
to him after it had travelled for one second from the engine. Simil- 
arly if the gun was at the rear of the train, and the observer at the 
front, the distance between them should now be only 1000 feet, for in 
this case the observer retreats from the sound while the sound wave 
is overtaking him, so that they encounter one another at 1100 feet as 
before. This is all very simple and obvious, and is readily verified by 
experiment. It is indeed exactly what we should expect to find. 

Suppose now, however, that it was not verified, but that in every 
case the required distance of the observer was found to be 1100 feet, 
precisely as it was when the train was stationary. What is the observ- 
er to say to that? That is exactly the position in which physicists find 
themselves with regard to light. A natural solution would be to say 
that the sound, in such an assumed case, had nothing whatever to do 
with either the velocity of the train or with the air. That is what Ed- 
dington and his followers have done. They seem to have practically 
returned to the corpuscular theory of Pythagoras and Newton, and 
have dropped the ether altogether. As Eddington says, these pheno- 
mena indicate ‘a stage which appears to divest the ether of the last 
remnants of substantiality.” 

On the other hand Jeans and others, while agreeing that light has 
nothing whatever to do with what corresponds to the velocity of the 
train, still retain the air. They still believe that light is a traverse vibra- 
tion of the ether, but that the vibrations received are attached in some 
sort of way to the eye of the observer, and the ether may travel away 
in any direction, or at any speed whatever. Thus in Figure 2 suppose 
that an explosion occurs at /, and that an observer stands at O. A 
spherical wave is at once emitted from the central point, and travels 
outward. Until it reaches him the observer sees nothing. At the mo- 
ment that it strikes his eye he sees a flash. As soon as the wave passes 
him, all is again blank. Now Jeans tells us (M.N. p. 104) that this 
wave surface “is always a sphere having the observer as center.” 

This statement was evidently altogether too much for Sir Oliver 
Lodge (M.N. p. 107). Although Jeans later supported it and empha- 
sized it, it is certainly too much for the writer. The position is surely 
most difficult to understand, in fact it cannot be understood, and one 
might almost be inclined to say that if it is necessary to hold such a 
contradictory view in order to save the undulatory theory of light, 
then the case for the undulatory theory must be pretty bad, and hardly 
worth the saving. When we think of all the contradictory properties 
that the ether is supposed to possess, and that it must be supposed 
capable of transmitting a light wave through a distance of at least 
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3000 dekaparsecs, or 100,000 light years, without any appreciable ab- 
sorption, we cannot but feel that its existence is rather questionable. 
In fact we may feel more favorably disposed towards the old corpuscu- 
lar theory. 

The main trouble with that is that according to it the velocity of 
light is greater in water than it is in air, which we know is not the 
case. Interference and polarization phenomena are also difficult to ex- 
plain. It seems, however, as if these difficulties might in some way be 
overcome. We thus see that all of the supporters of relativity are by 
no means in perfect accord, and until they agree, those remote from the 
charmed circle had best decline to make definite statements. 

One fact, however, stands out very clearly, and on that all are agreed. 
That is that sound and light act very differently from one another in 
this respect, and that sound acts precisely as water waves would, and 
as we should expect a vibration to act in any elastic medium. If in- 
stead of the sound of a gun being used as a signal on the train, we had 
fired a bullet, then the bullet before starting would have partaken of 
the motion of the train, and would therefore always reach the observer 
in the same time, regardless of the train’s speed or direction. This ap- 
pears to be the advantage of the corpuscular theory, but that has not 
been stated, and apparently is not accepted, for we hear that light has 
an invariable velocity in all directions. We should have naturally ex- 
pected that light coming from the Sun would have been retarded by 
solar gravitation. On the analogy of the bullet the light from different 
stars would have different velocities. The fundamental question then 
appears to be, is there, or is there not an ether? There is of course 


much more to the relativity theory than this, but this appears to be 
basic. 


SIZE DEPENDENT ON VELOCITY. 


The theory of relativity asserts that all bodies in motion are short- 
ened in the direction of their movement. This shortening is expressed 
by the formula (1—v*/c?)*, where wv equals the velocity of the body, 
and ¢ equals the velocity of light. For ordinary speeds this shortening 
is insignificant, and even for the motion of the Earth in its orbit, it 
amounts to only 1/200,000,000, or about 2.5 inches,—which seems very 
little. For the velocity of light itself the flattening is one hundred per 
cent, and a corpuscle therefore has no thickness. Thus the corpuscles 
might be likened to cardboard disks, travelling flat side forward. 

In the case of the railroad train travelling with the gun in front, we 
found that the distance of the observer would be 1200 feet, but that if 
sound had acted like light, only 1100 feet. This contraction has been 
explained in the past as due to the contraction of moving bodies. This 
explanation however is quite inadequate, since applying the formula, 
instead of 100 feet the contraction comes out only 4 feet. In the sec- 
ond case where the gun was behind, we found for sound a distance of 
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1000 feet while for light it should still be 1100 feet. In this latter case 
then instead of a contraction we have an expansion, but we hear noth- 
ing about any lengthening in the case of relativity, nor do we under- 
stand that such a thing could occur. Since light possesses weight, it 
is easier to understand weight as belonging to a corpuscle rather than 
toa wave. Of course either may possess mass, and every one is famil- 
iar with the effects of the mass of ocean waves. 

TRANSPORTATION OF TIME. 


Various paradoxes have been propounded in connection with the 
theory. One is, according to Eddington, that if an observer could 
travel with the velocity of light, he “would get from one position to 
another in no time at all”! This sounds very startling, but is obviously 
merely a changed definition of terms, because we know very well, for 
instance, that light requires eight minutes to reach us from the Sun. 
All it in fact amounts to, is saving that light is the quickest method of 
signalling. Suppose that the quickest method of signalling from Wash- 
ington to New York was by train, and that a noon signal was carried 
that way. The train would leave Washington at noon, and would ar- 
rive at New York therefore at noon. Consequently according to Ed- 
dington a man travelling by that train would reach New York “in no 
time at all”. 

A perhaps more interesting suggestion may be exemplified as fol- 
lows:— Suppose we were travelling on a train, and wished to send 
time signals to an observer travelling on another train moving in a 
different direction. Suppose we fire a gun at noon. A few seconds 
later he learns it is noon, but it clearly then is not our noon. Sup- 
pose he wishes the signal repeated, and perhaps a minute later we fire 
again. Again he gets our signal, but in the mean time both trains have 
moved, so that the delay differs from the previous delay. Thus not 
only will his noon differ from ours, but so also will the rate of his 
clock. If sound is our only method of communication, he will never 
know when our noon occurs, nor what is the length of our second. So 
it might be in fact if we were to receive time signals from some star, 
unless we knew its parallax, and the speed and direction of motion of 
both the Sun and the star. 

GRAVITATION. 

Since gravitation and centrifugal force are both proportional to 
mass, Einstein suggests if we consider a rotational system to be at rest, 
that the centrifugal forces may then be explained as a sort of negative 
gravitation. Upon the Earth’s surface, at the present day, gravity 
so far exceeds the centrifugal force of the Earth’s rotation, that we 
quite forget that the latter exists. Yet if gravity should suddenly cease 
to affect any individual, he would go flying up to the ceiling of the 
room, with a negative weight of one-quarter to one-half pound. It 
would be quite unsafe for him to go outdoors, unless he were able to 
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hold on to something. This does not show however that the long es- 
tablished puzzle of gravitation is nothing more than a manifestation of 
a sort of negative centrifugal force. It follows a similar law, but the 
attraction itself is not explained. 

The analogue of gravitation in electro-dynamics is Coulomb's law 
that the attraction between two opposite charges is their product di- 
vided by the square of the distance. This law is not exact however for 
charges in motion, and if gravitation is of electro-magnetic origin, as 
it must be if all mass is electro-magnetic, then it would seem that the 
ultimate mechanism of this universally present force was well on the 
road to elucidation. 


THE FOURTH DIMENSION, 


Another philosophical speculation that has been proposed in con- 
nection with relativity is that time is a kind of space——a fourth di- 
mension. This was first clearly stated by Minkowski. This the reader 
will doubtless find to be the most difficult portion of the theory to pic- 
ture in his own mind. It is entirely unsupported by experiment or ob- 
servation, necessarily so, and is based wholly on mathematical -and 
philosophical conceptions. Our distinction between space and time 
seems to be that the direction in which we progress without effort is 
time; the other directions, in which we have to make an exertion to 
move ourselves, are space. How many dimensions empty space may 
have, we really have no means of knowing, because we can neither 
see nor feel it. Matter we know has three, length, breath, and thick- 
ness, also that it lies remote from us in three corresponding directions. 
These facts may have given us the erroneous impression that space 
too had only three dimensions. Now it is claimed that time is a fourth, 
and that there are also others. 

In order to understand more clearly how time may be a dimension, 
let us draw an analogy from the two-dimensional world. Let us begin 
by imagining a cone whose axis is horizontal. Suppose we pass a num- 
ber of parallel planes through it perpendicular to its axis. We shall 
then have a series of circles of varying size. These circles will each 
have two dimensions. Suppose we connect their circumferences by a 
series of lines, thus forming another two dimensional surface, but dif- 
fering from the others because it is curved, and also because it is not 
parallel to them. We can thus build up in our minds a three-dimen- 
sional cone. 

Now let me picture myself to myself as I was when a very little 
child. This I can do by means of photographs. I was then of course 
a body of three dimensions. I will picture myself again as a youth. 
I will then join these two pictures to my present self by the lines of 
time, and thus obtain a fourth dimensional picture of myself, as I was 
and am. 


But I must not think of myself as a simple fourth dimensional cone. 
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Every time | cross the street | introduce a marked irregularity into my 
fourth dimensional contour. If I cross the ocean the irregularity 1s 
still greater, but that is nothing to the complexity introduced by the 
daily rotation of the Earth on its axis, its annual tour around the Sun, 
and the journey of the latter through space. My fourth dimensional 
self thus becomes a very long and very irregular curved line. This 
line is called in general, by Eddington, a world-line. 

This perhaps is not so hard to picture to ourselves, but we now 
come to something more difficult. For length, breath, and thickness 
we may substitute north and south, east and west, and up and down. 
We know that as we travel to different parts of the Earth’s surface 
these dimensions gradually merge into one another. Thus what is 
up and down at the north pole becomes north and south at the equator, 
and what is east and west at one point on the equator becomes up and 
down at a point 90° east or west of it. It is claimed that our time would 
similarly merge into space if we were moving with a very different 
velocity. 

In order to illustrate this, let us imagine a movie film taken of a man 
or of any other moving object. Let the separate pictures be cut apart 
and piled on one another. This wovld form a sort of world-line of the 
individual for a brief interval in his life, in the form of a cube. If we 
attempt to pick it up, it falls apart. thus clearly showing the difference 
between time and space. That too we can understand. But suppose it 
all glued together in one solid cube, so that it is no easier to cut a sec- 
tion in one direction than in another. That is the relativity idea of 
space and time, and further that the direction in which we should cut 
it depends merely on the velocity with which we are moving through 
space. I should cut it parallel to the films, but a man on Arcturus, in 
order to separate it into space and time, would cut it in an inclined di- 
rection. That is a thing which may be true, but it is one that I believe 
no mortal man can clearly picture to himself. 

An instant of time at a point of space is called an event. The rela- 
tion between two neighboring events is called an interval. Events and 
world-lines make up the real world, as distinguished from the sub- 
jective world of our senses. In this fourth dimensional world there is 
no distinction between straight and crooked. Between any two events 
we may draw an infinite number of world-lines, ranging in length 
from zero up to a maximum. This marimum length corresponds to 
the straight line of geometry, and is called ‘a geodesic. 


Every body 
free in space will follow its own geodesic. 


Thus a man falling from a 
staionary balloon follows an undisturbed track to the ground. This 
is a geodesic. But if he falls down stairs, he follows a world-line. In 
the former case the geodesic happens to be straight, but if the balloon 
was travelling with the wind, or if he jumped horizontally, so as to de- 


scribe an arc of an ellipse, it would still be a geodesic. A geodesic 


has been described as the longest possible path between two world- 
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points, but it is far easier to understand if we define it with Linde- 
mann, as the course which will take the minimum time between two 
points in three-dimensional space,—in the last case cited, as mentioned, 
the arc of an ellipse. 

But mathematicians do not stop at the fourth dimension. According 
to Larmor “The free paths of all particles or bodies and the rays of 
hight are in ultimate reality the straightest or most direct paths in a 
four-fold non-flat section of an underlying flat hyperspace of five di- 
mensions in space and time; but they present themselves in the guise 
of more complex orbits described in that fourfold section and ascribed 
to universally acting force, because men, subsisting in this curved sec- 
tion in the hyperspace,—-yet insist on imagining their section to be flat ; 
and other phenomena of nature are disturbed likewise by this illusion.” 
In other words men insist on believing that they are living in space of 
three dimensions, when in reality they are living in five. 

Eddington has pointed out that this many dimensional world need 
not necessarily be spherical or ellipsoidal, but may be analogous to a 
hyperboloid, space being large but finite, while time was infinite, in both 
directions. 

MASS AND ENERGY IDENTICAL. 


Another curious result of Einstein’s theory is that the mass of a body 
increases as a function of the square of the velocity, and therefore that 
“mass is nothing else than latent energy.” If we call the velocity of 
light unity, then“‘the mass of the energy is the same as the energy, and 
the distinction between energy and mass is obliterated’. Therefore 
the doctrine of the conservation of mass is merely a part of the doctrine 
of the conservation of energy. Here at last we reach something that 
can be tested astronomically,—and has been so tested. From the as- 
tronomer’s standpoint this is the most important result of the whole 
theory. 

It appears that the presence of matter actually produces a distortion 
of space, much as a flat piece of cloth will be distorted if we pick it up 
by the center. Notice now, if the theory or relativity is true, this is not 
just a philosophical kind of space, a kind that is of no particular impor- 
tance to anvbody—except a philosopher—but a real kind, a kind that 
can be measured, and which brings the fourth dimension right into our 
front yards. If we draw a circle on a piece of paper, the ratio of the 
circumference to the diameter is as we know expressed by the value 
a = 3.141592 +. If now we place a mass of matter in the center, the 
ratio will immediately become slightly more than 7. The increase is 
very slight, but in the case of the planetary orbits, if the Sun could be 
suddenly removed, and the radii remain the same, the circumferences 
would shrink by several miles. Such space no longer follows the laws 
of geometry,—it is non-Euclidian. 

According to Newton’s theory of gravitation, if a Sun possesses a 
single planet or companion, revolving about it in an elliptical orbit, 
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that orbit will be permanently fixed in space unless perturbed by some 
other body. If a second planet exists, it will cause the perihelion slow- 
ly to advance. According to Einstein the mass of the planet will be 
less at aphelion when it is moving slowly than at perihelion when it is 
moving rapidly, consequently in addition to the Newtonian attraction 
we have another one which increases as we approach the Sun. The 
effect of this will be to cause the major axis of the orbit to advance, 
whether there is a second planet or not. 

Among the larger planets Mercury has the most eccentric orbit and 
it also moves most rapidly, so that it is particularly well adapted to test 
the relativity theory. As is now generally known, the advance of its 
perihelion is 42” per century greater than it should be from the mere 
attraction of the other planets. It is found to be 574” instead of the 
theoretical figure 532”. This has long been a puzzling discrepancy be- 
tween the law of gravitation and observation. Einstein from compu- 
tations alone, based on relativity, showed that the Sun should produce 
an acceleration of 43” per century, thus entirely accounting for the 
observed discrepancy within the limits of accuracy of the observations. 
The only other planet whose orbit has a large eccentricity, and that is 
suitable for investigation, is the planet Mars. Here the discrepancy 
between observation and theory is very slight, only 4”, and a por- 
tion of it may be due to the attraction of the asteroids. This deviation 
is so slight that it may well be due entirely to accidental errors of ob- 
servation, but however that may be, Einstein’s theory reduces it to 2”.7. 

It was due largely to the success with Mercury that it was decided 
to put the relativity theory to another test. According to the New- 
tonian theory, as stated by Newton himself, corpuscles as well as 
planets have mass, and must therefore be attracted by the Sun. Ac- 
cording to Einstein, owing to their high velocity, this attraction must 
be twice as great as it would be according to the theory of gravitation. 
If the ray of light proceeding from a star were to pass nearly tangent 
to the Sun's limb it should be deflected 0”.87 by the theory of gravita- 
tion. According to the theory of relativity it should be deflected 1”.75. 
Two expeditions, one to Africa, and one to South America, observed 
successfully the Total Solar Eclipse of May 29, 1919. The deflection 
of the rays of light caused by the Sun according to the former was 
1”.60, and according to the latter 1”.98, mean 1”.79. The close agree- 
ment of the mean with the theory is perhaps accidental, but it is clear 
that the theory of relativity was on the whole strongly supported. 

We now come to a test where the theory of relativity is only partially 
confirmed. In the intense gravitational field of the Sun the atoms 
should vibrate rather more slowly than they do in our laboratories, and 
the spectrum lines should be deflected towards the red, the deviation 
being equivalent to a recession of 0.634 km per second, or to the 
amount of velocity that light would lose, if it lost at all, owing to the 
attraction of gravitation, on reaching us from the Sun 


This deviation 
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may also be expressed by the decimal 0.008 A. The evidence hitherto 
found, both at the Mount Wilson and Kodaikanal observatories, has 
proved unsatisfactory. There seems to be a deflection, but it is less 
than half the computed amount. 


CONCLUSION, 


In closing it should be added that Einstein is not the originator of 
all of these propositions, nor does he state them all definitely. Some 
of them have been contributed by English investigators. Thus the 
shortening due to velocity was first suggested by Fitzgerald. No at- 
tempt has been made in this article to distribute the credit to all who 
have contributed to the theory. The properties of light appear to fall 
under two heads, those which are best explained by the undulatory 
theory, and those which are best explained by the corpuscular. The 
former is by far the larger and more important class. 

It would appear that a good deal of the supposed difficulty in under- 
standing the theory of relativity lies merely in the failure to see clearly 
how the undulatory theory can explain all the facts observed. fi 1s 
probable that no one can see that. Until someone succeeds in furnish- 
ing a satisfactory explanation, which is generally accepted, as covering 
all the phenomena, it would seem that the wisest plan is to consider 
both the undulatory and corpuscular theories as merely provisional, and 
as different facts arise, explain them to ourselves by whichever theory 
fits them the best. It may be that we shall ultimately have to combine 
the two theories, and say that light is simply an undulating stream of 
corpuscles. 


Mandeville, Jamaica, B. W. I., April 19, 1920. 





THE ORIGIN OF NEW STARS. 


Reply to Professor Pickering’s Objections to the 
Partial Impact Theory. 


By A. C. GIFFORD. 


In PopuLar Astronomy January 1920, on pages 41 and 42, Profes- 
sor Pickering raises three objections to Professor Bickerton’s theory 
as to the origin of new stars, and gives some arguments in favour of 
his own planetoidal theory. 

By a strange coincidence he chooses, as the basis of his first objec- 
tion, a fact that was predicted by the partial impact theory, and that 
has for 30 years been one of the most convincing arguments in its 
favour. 
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Bickerton proved that, if his theory is correct, the absorption lines 
in the spectrum of every nova should invariably appear displaced to- 
wards the violet. 

The remarkable fulfilment of this prediction is now cited as an argu- 
ment against the theory. Surely the constant recurrence of this 
phenomenon in the case of every new star whose spectrum is examined, 
instead of serving as a refutation, simply piles proof on proof. The 
objection is based on a misconception of what Bickerton’s theory really 
is. Pickering, like other critics, imagines that the narrow absorption 
lines are due to the colliding stars, and so he finds a difficulty in the 
fact that they invariably indicate a motion of approach towards our 
system. 

As soon as it is realized that the new star is the third body formed 
by a collision, that the spectrum seen is its spectrum, that the narrow 
absorption lines are due solely to that portion of the outrushing gas 
that is directly between our eyes and the fiery nucleus, this difficulty 
vanishes with many more. 

The key to all the mysteries of a nova’s birth, of its brief but dra- 
matic life history and its sudden death, must lie hidden from those who 
have not considered the astonishing characteristics of this most bril- 
liant offspring of the stars. 

We cannot therefore remove completely Professor Pickering’s ob 
jections without a fuller reference to this third body. 

When two stars graze with a relative velocity of some 400 miles a 
second, the portions of them that come directly in one another's way 
have the greater part of their motion of translation destroyed, the 
energy being transformed almost entirely into molecular agitation or 
heat. In the case of a slight graze the wounded stars go on. There is 
nothing to stop them. 

The energy required to shear off the portions which meet is an in- 
finitesimal fraction of that which the bodies possess in virtue of their 
motion. The coalescence of the arrested masses produces a body whose 
properties are unique. 

Its temperature, depending as it does chiefly on the velocity destroved 
and on the chemical composition of the matter composing it, is as high 
as that of a star formed by the direct collision of two others. 

Dynamically however it is in an utterly different state. Its mass be- 
ing relatively small the critical velocity of escape from its surface is 
small also. It is therefore the most unstable body in the universe. 
Gravitation is powerless to hold it together. Its sudden disappearance 
is not due to cooling, but to its dissipation into space. 

The star resulting from a complete collision would shine for hun- 
dreds of millions of years. A typical nova fades in a few months. Any 
theory which attempts to account for the disappearance of a new star 
by cooling is self condemned. 

Professor Pickering refers also to the fact that the displacement of 
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the lines indicates velocities of 1500 and 2200 km a second, speeds un- 
heard of amongst the stars. (Here again he unwittingly blesses the 
theory he sets out to curse.) It is true that no theory hitherto ad- 
vanced, except Bickerton’s, accounts in any way for these immense ve- 
locities. Bickerton’s does so in a most satisfactory manner. 

The explanation is somewhat as follows : 

When the motion of the colliding parts is arrested, elements of all 
kinds have the same translational velocity (say 300 km per second) 
changed into atomic agitation. Different elements, therefore are at 
widely different temperatures. Oxygen is 16 times, iron 56 times and 
lead 207 times as hot as hydrogen. 

The equalization of these temperatures causes surprising results. 

The average kinetic energy per unit mass of atoms moving 300 km 
a second is over 10 million calories per gram. ‘The initial density is 
about that of the portions of the stars which collide. The pressure 
consequently is inconceivably intense. The body grows at a terrific 
and constantly accelerated rate. In every encounter which takes place 
between two atoms that are flying radially outwards, the leading one 
has its velocity increased, whilst that of the inner one is diminished. 
The same is true of the radial components of the velocities that are in 
other directions. 

In any expanding gaseous mass the temperature of the nucleus must 
fall, and, as long as there is any pressure from behind, the outer layers 
must move with accelerated speed. 

In this outrush all elements are at first carried forward together, so 
the absorption lines in the spectrum indicate approximately equal ve- 
locities for all the elements involved. Soon, however, increasing oppor- 
tunities occur for selective molecular escape. lor in every encounter 
which occurs between atoms of two different elements, the heavier 
must give up some of its heat energy to the lighter and cooler one. 

The temperatures of the hydrogen and helium in the third body rise 
rapidly, and as the initial velocities were 300 km per second, speeds of 
thousands of kilometers per second, developed in the outer layers, are 
quite normal. . 

Professor Pickering’s second objection is that evidence of direct im- 
pacts should be much more abundant than it is. 
portant point and deserves careful attention. 


This is a most im- 


To begin with it is clear that Professor Pickering overstates his case. 

Let us take his definition of a direct hit. Consider one of the equal 
stars as a projectile and the other as a target. Then the impact is di- 
rect if the centre of the projectile is moving so as to meet the target, 
whilst a graze occurs if the centre of the projectile passes outside the 
target within one radius of its edge. It is obvious that the number of 
direct hits will be one-third of the number of grazes, not four-fifths of 
that number as Professor Pickering states. 
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Further this involves the assumption that the stellar paths are 
straight. Gravitation deflects the stars into hyperbolic orbits. 

Nearly every collision that is due to gravitation, even according to 
Professor Pickering’s definition, is a graze. An encounter that would 
have been merely a near approach is turned, by gravitation, into a graz- 
ing impact, but not into a direct hit. 

Tidal distortion, another effect of gravitational attraction, acts 
strongly in the same way, as does also nebulosity surrounding one or 
both of the stars. 

But granting all this, there must be numbers of what Pickering calls 
direct hits, and taking into account the permanence of their effects, 
(which by the way Pickering greatly understates, citing centuries in- 
stead of hundreds of millions of years) there should undoubtedly be 
evidence of their occurrence. 

Why is it then that we see so often the effect of a grazing impact 
whilst we find no evidence of a direct one? The chief reason is that 
of all kinds of impact direct hits are the most likely to be missed by the 
observer. 

A third body formed by a graze expands indefinitely with little ap- 
preciable fall in temperature, whilst gravitation prevents the indefinite 
expansion of a star formed by the complete coalescence of two others. 
Such a star, though at the same initial temperature as the third body 
formed by a graze, and of much greater mass, is by no means so bright, 
because it never acquires such a vast radiating surface. 

Indeed, the direct impact of two gaseous stars transforms just 
enough energy to form a gaseous star of the same temperature and of 
twice the diameter of one of them. The surface of the new star is four 
times the surface of one, or twice that of the two. The combined light 
is therefore doubled. That is the permanent increase of brightness is 
less than one magnitude. To find evidence of direct hits we must there- 
fore look for stars which have increased suddenly in brightness by less 
than one magnitude and which remain almost constant, or varying in 
a regular period, and whose spectra show bright lines. The sudden in- 
crease in brightness is the phenomenon that is likely to be overlooked. 

Professor Pickering’s third and last objection is that we should ex- 
pect grazing impacts to be very much more infrequent than are the ob- 
served appearances of novae. 

The data for the solution of this problem concerning the probability 
of impact are so incomplete and uncertain, that it is unwise to lay too 
much stress on the conclusions arrived at. 

From the analogy of the stellar system to a rarified gas it appears 
that we might expect to see about 20 novae per vear. But the distribu- 
tion of the stars does not appear to be by any means as regular as that 
of the molecules of a gas. And this fact alone would vitiate Professor 
Pickering’s reasoning. If, for example, we divide the area of New 
Zealand by the number of registered motor cars in the country, we find 
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that there is ample space for each. Collisions do however occasionally 
occur, and they generally take place where traffic is most congested. 

Similarly stellar collisions occur in the most crowded regions of space. 
Further in the case of stars there is no slowing down to pass one 
another. They, on the contrary, move fastest when in the denscst 
crowds. 

Moreover the evidence is so clear that numerous stellar collisions do 
occur, that some fallacy must underlie the reasoning that appears to 
prove the improbability of their occurrence. Dark stars and dark ob- 
structing matter of other kinds may be much more numerous and abun- 
dant than Professor Pickering assumes. The analogy between our cos- 
mic system and a rarified gas suggests that the bright stage in a star’s 
life is only a brief episode in the immense period during which it tra- 
verses its free path between two encounters. 

A sound theory can only be strengthened by serious criticism. If 
Professor Pickering or any of our readers can advance any further 
objections to the Partial Impact Theory, or mention any difficulties that 
stand in the way of its acceptance, we shall welcome them, and test the 
theory by them. 

THe PLANETOIDAL THEORY. 


Let us now glance at the additional arguments advanced by Professor 
Pickering in support of his own theory. He refers to his second paper 
entitled “The Mass of a Planetoid capable of producing a Nova.” In 
this paper he computes that a planetoid, having a diameter of 15,000 
miles and a density the same as the earth, would, on striking the sun, 
possess kinetic energy equal to the radiant energy emitted by Nova 
Aquilae No. 3. It is important to note that this is a very different thing 
from proving that such a collision would account for the phenomena 
observed. To make it do so, it is necessary to assume that all the kinetic 
energy of the planetoid is transformed suddenly into radiant energy. 
This appears to be an entirely unwarrantable assumption, for it implies 
that all the vividly incandescent products of the explosion give up their 
total energy to the ether, and in so doing are themselves reduced to a 
state of frozen immobility, devoid even of atomic or molecular motion. 
We have to imagine a collision of inconceivable violence resulting in 
a motionless mass at the absolute zero of temperature. This surely is 
a most fantastically improbable supposition. 

To make a much smaller planetoid serve the same purpose Professor 
Pickering finds it necessary to make another assumption almost equally 
weird. He draws upon a vast store of energy “pent up” in some un- 
explained way within the star. When the surface is shattered he 
imagines that this energy is released, and suggests that the collision 
may only furnish one thousandth part of that which is manifested. As 
no source is suggested for 999 thousandths of the energy the problem 
is far from solved. 

By the way is it accurate to say that the energy of the sun “trickles 
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out” in a series of prominences. The most giantic prominence does lit- 
tle to increase the total radiation from the sun, and unless the velocity 
of the ejected matter exceeds the critical velocity of escape, all of it 
must return to the sun. Thus the energy changed temporarily into the 
potential form will be re-transformed to kinetic. Professor Pickering 
has not proved that the collision of a planetoid with a star can furnish 
“Sufficient energy to enable the products of the explosion to escape from 
the system.” 

No complete collision can do this unless there is, what Bickerton 
calls, augmented energy due to original proper motion or some other 
factor. 

If the encountering stars are similar and entirely gaseous, as noted 
above, the energy transformed by complete collision is just sufficient to 
make the combined mass have, when at the same temperature, twice 
the diameter of one of them. 

Owing to selective molecular escape a very small proportion of the 
lightest material may leave the system. But even that minute fraction 
of the mass can only escape at the expense of the energy of the re- 
mainder. 

It is not sufficient to show that a planetoid possesses the energy. Pro- 
fessor Pickering should prove that it is able “to deliver the goods.” 

It is quite easy for anyone, who is prepared to give the subject the 
necessary thought, to test any theory which is suggested as to the 
origin of a nova. 

No explanation is worthy of any serious consideration unless it ex- 
plains the following characteristics : 

(1) The stupendous magnitude of the transformations of energy. 

(2) the sudden rise in brightness to ten of thousands of times 
the original value. 

(3) The astonishingly rapid and fitful decline. 

(4) The unique series of spectral changes. 

Any explanation which passes these tests must furnish at least a 
good working hypothesis, and, if it is found to throw light on count- 
less other obscure questions regarding the evolution of the universe, 
it should ultimately find acceptance as a rational theory of the pheno- 
mena. 

Wellington, New Zealand, March 9, 1920. 


REPLY TO THE ABOVE BY PROFESSOR PICKERING. 
PROFESSOR BICKERTON ’S THEORY ; 


While a comparison and criticism of different theories in explanation 
of given facts may be most valuable, yet it becomes rather tiresome 
when carried out to too great length in the pages of a periodical. Since 
some reply, however, appears to be expected of me in the present case, 
I would note that Mr. Gifford first points out that my recollection of 
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Professor bickerton’s theory is incorrect. Since Professor Bickerton 
published his theory some forty vears ago, when | was a young man, 
this may well be the case. It appears now that his theory and the Plan- 
etoidal one both explain the dark absorption lines of a nova in much the 
same manner. Such being the case, I have but little criticism to make 
on that point. 

There is one distinction, however, between the two theories that is 
important. Mr. Gifford speaks of atoms of lead and hydrogen moving 
with high velocity being suddenly brought to rest, and that as a result 
the lead will be 207 times as hot as the hydrogen, and will thus impart 
to it a high velocity. This is quite erroneous. They will have exactly 
the same temperature, since the atom of lead contains 207 times the 
amount of matter to be heated. Consequently it would seem to be 
necessary for Professor Bickerton to account for the very high speeds 
observed, by some other method than that of super-heating through 
collision. 

According to the planetoidal theory, on the other hand, the high 
speeds are produced by atomic decomposition, which can therefore 
only produce certain fixed velocities. The lowest velocity observed for 
a hydrogen atom is 750 km per sec. or just 1/400 of that of the veloci- 
tv of light. The next higher is 1500 km per sec., the next 2200, and 
finally 2800. If these velocities are due to the escape of some of the 
electrons from the atom, at a speed equal to that of the velocity of 
light, then it is clear that in the first case one part by weight in every 
four hundred must escape, in the second case two parts by weight, and 
in the others three and four parts. The atom will recede in the direc- 
tion of least resistance, or away from the star. 

Now it will be noted that while the bright lines of a nova are hazy 
and very wide, the dark lines are extremely narrow, and only displaced 
by these fixed amounts. According to Professor Bickerton’s theory 
these lines too should be broad, because the speeds recorded, due to the 
various collisions, would be very various. 

With regard to the second point of my criticism of the Bickerton 
hypothesis, Mr. Gifford says that I overstate the case. The fraction 
giving the number of direct hits to grazes certainly illustrates a curi- 
ous series of errors. The value which I gave, four-fifths, by an un- 
fortunate but obvious misprint, should have been four-ninths, as is 
clearly shown by the next sentence, where it is stated that ‘‘out of every 
nine novas, four will be the results of direct hits.” Mr. Gifford then 
says, assuming my definitions, “It is obvious that the number of direct 
hits will be one-third of the number of grazes.” 

Now | hope that this isn’t obvious, because it isn’t true. Four-ninths 
is also erroneous. The fraction is really one-fourth, as will be shown 
presently. 

While I do not think I have overstated the case, yet my original defi- 
nition of a direct hit should perhaps have placed the limiting angle at 
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60° instead of 30°, as may best be shown by Figure 1. In this figure 
let the star B moving in the direction BC collide with the star 4, the 
angle ABC being 60°. Then all collisions more direct than this should 
be called direct hits, and all less direct collisions should be called grazes 
While 30° would obviously be too small an angle, it appears to me that 
60° is a liberal figure for a graze, and that some persons might even 
demand a greater angle. The resulting ratio of the number of direct. 
to the total number of hits, as shown by the figure is 4C*/4B?*, which 
gives us sin? 60°, or 0.75. That is to say, accepting the angle of 60 
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as the division between direct hits and grazes, there would be three di- 
rect hits to every graze. With an angle greater than 60° there would 
be a still larger proportion of direct hits. 

As Mr. Gifford further says “this involves the assumption that the 
stellar paths are straight. Gravitation deflects the stars into hyper- 
bolic orbits.” This is quite true, hyperbolic or elliptical, and the ef- 
fect of the curved path would be to give still greater condensation, than 
that computed, along the axis of the paraboloid. That is to say its ef- 
fect would be to increase still further the number of direct hits. They 
might thus even reach four-fifths, the number given by the original 
misprint ! 

It appears then that nearly every collision between two stars must 
be a direct hit, and that the grazes must be few and far between. Mr 
Gifford tries to explain the fact that the direct hits have not been ob- 
served, by saying that the results in such cases would not be conspicu- 
ous. Why not? The increase of temperature would not instantly per- 
meate the whole mass. There should be a tremendous explosion and 
flash at the moment of collision, probably far more brilliant than could 
be obtained by a grazing contact, and the united mass, if it was not 
blown to atoms, would then settle down to a slow diminution of bril 
liancy, prolonged through the centuries. 

When Mr. Gifford compares the distribution of the stars in our sys 
tem to the molecules in a mass of gas, we can hardly follow him. There 
is no reason to assume any resemblance in the two cases, other than 
that the spaces are large in proportion to the masses of matter, nor is 
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there any reason to change the statement made under (c) in the Janu- 
ary number of Poputar Astronomy. His final argument, referring 
to the latter, is that “Moreover the evidence is so clear that numerous 
stellar collisions do occur, that some fallacy must underlie the reason- 
ing that appears to prove the improbability of their occurrence.” This 
is sO pretty a case of reasoning in a circle, that it had best be left un- 
answered. 
THE PLANETOIDAL THEORY. 


In closing, a few words may be said in reply to Mr. Gifford’s criti- 
cism of the Planetoidal theory. He appears to think that the compu- 
tation given in my second paper on the theory is vitiated, unless the 
temperature of the planetoid is reduced to absolute zero. The formula 
for the radiant energy developed is obviously e—=k—h, where k is 
the computed kinetic energy, and h is the mechanical equivalent of the 
heat required to raise the temperature of the planetoid from its previ- 
ous to its final temperature. The quantity h is comparatively so small, 
far less than one per cent, that it is quite correct to neglect it. 

He then refers to my finding it “necessary to make another assump- 
tion almost equally weird,” namely that there is a vast store of energy 
pent up within the star. This so-called other assumption was part of 
the original theory, explained in my first paper on the Planetoidal hypo- 
thesis. Anyone who has seen the photograph of the great solar promi- 
nence, 400,000 miles in length, and cast up to a height of 125,000 miles 
above the solar surface, which was published in PopuLAR ASTRONOMY 
for January of this vear, will perhaps hardly call the above assumption 
weird. 

Finally Mr. Gifford seems to believe that if a prominence is shot up 
from a star, and the material later all returns to the star, that no ener- 
gy is lost by the process. In point of fact by far the greater part is 
probably lost, due to radiation. In the above reply I hope I have suc- 
ceeded in answering all of Mr. Gifford’s criticisms courteously, and in 
a manner satisfactory to him, but I trust that for lack of time on my 
part, as well as for other reasons indicated above, no further discussion 
of the matter will be considered necessary. 


Mandeville, Jamaica, B.W.I. 
May 3, 1920. 








MOTIMOM t648 





MOTINOM te¥8 





Planet N otes 353 


PLANET NOTES FOR JULY AND AUGUST, 1920. 





In this period the sun will move eastward from 6" 40" to 10° 38" and south- 
ward from 23° 7’ N. to 9° 1’ N. Its course will begin in Gemini, pass through 


Cancer, and end in Leo a short distance southeast of Regulus. 


NOZIWON Rison 





THE CoNSTELLATIONS AT 9:00 P. M., JuLy 1 


The phases of the moon for these months are as follows 


Last quarter July 7 at 11:00 p.m. C.S.T. 
New Moon yo * 2:00 P.M 
First Quarter 22 1:00 pM 
Full Moon ae 5:00 P.M 


WEst RORizon 
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Last Quarter August 7 at 7:00 a.m. C.S.T. 
2 ‘s 
3 


New Moon 1 10:00 p.m 
First Quarter \/ ae 
Full Moon 29 “ 7:00 A.M. 


The moon will be nearest the earth on July 14, and again on August 11. It 
will be farthest from the earth on July 27, and on August 23. 

Mercury will, apparently, be moving towards the sun from the position of 
greatest elongation east, which it will reach in the latter part of June. It will 
pass between the earth and the sun,—that is, it will be at inferior conjunction— 
on July 26. It will then move west of the sun and reach a point of greatest 
elongation west on August 14. At this time it will be a few hours north of the 
sun and should, therefore, be visible near the eastern horizon just before sun- 
rise. It will come to the horizon more than an hour before the sun. 


l’enus will move eastward with the sun and remain lost in the rays of the 
sun throughout the entire period, with the possible exception of the last week in 
August. It will then probably be visible near the western horizon at sunset. It 
will, therefore, not be possible to make observations of Venus during these two 
months. 

The carth will reach the point of greatest distance from the sun for the year 
on July 4. 

Mars will move eastward more slowly than the sun and will, consequently. 
be lower in the west at sunset on each succeeding evening. It will. however. be 
within reach for observation until the end of August, at which time it will cross 
the meridian at 5:00 in the evening. Its course will lie in a southeasterly direction 
from the constellation Virgo into Libra. On July 25 it will be as far from the 
earth as the average distance from the earth to the sun. 

Jupiter will not be seen during this period except during the first week of 
July. It will be in conjunction with the sun on August 21. 

Saturn on July 1 will cross the meridian at 4:00 P. M., and on August 31 less 
than a half hour after the sun. It will, therefore, be visible only during July. 
It will move eastward slowly in the constellation Leo. 

Uranus will be favorably situated for observation during this period. On 
August 26 it will be at a point of opposition to the sun, and will, therefore, be 
on the meridian at midnight. Before this date it will cross the meridian shortly 
after midnight, and after this date, shortly before midnight. It will be between 
10 and 11 degrees south of the equator and for this reason will not be so well 
situated for northern observers. It will be found in the constellation Aquarius. 
but will not be near any bright star. It will be about 20 degrees north of Fomal- 
haut. 


Neptune will be practically invisible through this period. It will be in con- 
junction with the sun on August 3. 





Occultations Visible in the United States, July and August, 1920 
[ Note :—Geographical positions are indicated by giving for each point, first 
the latitude, then the longitude, the two being separated by a hyphen. A line 
drawn on a map through the two or more points thus indicated will mark ap- 
proximately the limit of the region of visibility for the United States. 
The time given is the approximate Greenwich time of the middle of the oc 
cultation as seen from the United States.] 


July 1, 13". 45 Sagitt., Mag. 6.0. East of 50°- 99°, 38°- 101°, 27°- 98°. 
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16 B. Capric., Mag. 6.2. South of 30°- 106°, 40°- 89°,50°- 66 

8B Capric.. Mag. 3.2. South of 30°- 110°, 40°-92°, 50°- 69 

vy Aquar., Mag. 4.5. South of 28°- 102°, 36°- 89°, 43°-77°. (East 
of Long. 77° occurs after sunrise.) 

c’ Capric., Mag. 5.3. East of long. 73°. 

c? Capric.. Mag. 6.3. East of 46°- 75°, 42°-71 

«x Aquar., Mag. 5.2. East of 27°- 106°, 34°- 104°, and south of 
34°- 104°, 35°- 82°, 40°- 66 

26 B. Ariet., Mag. 6.0. East of 50°- 100°, 40°-90°, 32°-81°. 

163 B. Tauri, Mag. 5.8. East of 50°- 113°, 38°- 99°, 27°- 84°, and 
north of 27°- 84°, 30°- 77°. 

333 B. Tauri, Mag. 6.3. South of 30°- 85°, 35°- 72 

431 B. Leonis, Mag. 6.2. West of long. 87°. 

Mars, Mag. 0.2. West of long. 116° (Immersion only.) 

47 Librae, Mag. 5.8. South of 45°- 129°, 48°- 119°, 51°- 111°, and 
west of 51°- 111°, 40°- 102°, 25°- 98°. 

123 B Scorp., Mag. 6.5. Throughout the U. S 

16 Sagitt.. Mag. 5.9. East of long. 85 (Farther west occurs be 
fore sunset. ) 

187 B. Sagitt.. Mag. 6.4. East of 50°-93°, 38°-99°, 26°- 101 
(Farther west occurs before sunset.) 

p Sagitt.. Mag. 4.0. South of 40°- 130°, 45°- 119°, 48°- 108°. and 
west of 48°- 108°, 38°- 99°, 26°- 96°. 

45 Sagitt., Mag. 6.0. North of 38°- 125°, 46°- 106°. and west of 
46°- 106°, 49°- 104°. ‘ 

c’ Capric., Mag. 5.3. Through the U. S. except south of 26 
102°. 34°- 86°, 40°- 70°. 

c* Capric., Mag. 6.3. North of 40°- 125°, 45°- 117°, 50°- 108°. 

x Aquar., Mag. 5.2. West of 50°- 117°, 40°- 108°. 30°- 104°. ( Farth 
er east occurs after sunrise. ) 

60 Pisc., Mag. 6.2. East of 50°- 86°, 40°- 80°, 30°- 73 

26 B. Ariet.. Mag. 6.0. North of 41°- 126°. 44°- 119°. and west 
of long. 119°. (Farther east occurs after sunrise.) 

o Ariet., Mag. 5.8. Southeast of 34°- 123°, 42°- 104°, 50°- 88 

312 B. Tauri, Mag. 6.2. West of 50°- 127°, 40°- 117°, 30°- 113 
(Farther east occurs after sunrise.) 

74 B. Gem., Mag. 6.2. East of 50°-99°, 40°- 96°, 30°- 90°. 

58 G. Scorpii, Mag. 6.2. East of 50°- 104°. 44°- 100°. 38°- 100°. 
and north of 38°- 100°. 40°- 78.°, 45°- 63 (Farther west oc- 
curs before sunset. ) 

¥ Ophi., Mag. 4.6. West of 50°- 80°, 40°- 77°, 30°-77 

16 G. Sag., Mag. 6.4. East of 50°- 94°, 40°- 97°, 26°- 100°. ( Farther 
west occurs before sunset. ) 

39 G. Sag.. Mag. 6.3. South of 40°- 126°, 48°- 108°. and west of 
48°- 108°, 38°- 99°, 26°- 95°. 

25 Pisc., Mag. 6.2. Throughout the U. S. except south of 28°- 90°, 
35-75. 

60 Pisc.. Mag 6.2. North of 30 ras. oe 100°, 43°-81°, 45°- 66 A 

62 Pise.. Mag. 6.1. South of 35°- 126°, 46°- 101°, 50°-75°. (Fast 
of 75° occurs after sunrise.) 

6 


Pisc.. Mag. 4.6. South. of 28°- 110, 33°-91°, 34°-75 


ARTHUR SNow, 
Ass't. Nautical Almanac Office. U. S. Naval Observatory. 
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VARIABLE STARS. 


Minima of Variable Stars of Short Period. 
[Calculated by members of the class in General Astronomy at Carleton College.] 
Given to the nearest hour in Greenwich mean time; to obtain Eastern Stan- 
dard time subtract 5"; Central Standard time 6”, etc. 
Star B.A. Decl. Magni- Approx. Greenwich mean times of 
1900 1900 tude Period minima in 1920 
July-August 


h m 4 d ih di h doh dh d ih 
SY Androm. 0 08.0 +43 09 9.5—13.0 34 218 a. 2 7 0 
RT Sculptor. . 31.5 —26 13 9.6—105 0 12.3 823 24 8 816 24 1 
UU Androm 38.5 +30 24 10.7—11.9 1 11.7 €£2nH5 3: #2z 
U Cephei 0 53.4 +81 20 70— 9.0 2 118 24 7b t3 a2 
Z Persei 2 33.7 +41 46 94-12 3014 720 D2 FW Ws 
TW Cassiop. 37.6 +65 19 82— 9.0 1 10.3 516 1923 3 6 24 16 
RY Persei 39.0 +47 43 8.0—10.3 6 20.7 78 221 wWuM aS 
RZ Cassiop. 39.9 +69 13 69— 81 1 04.7 S$ 3 22 520 20 4 
TX Cassiop. 44.4 +62 22 9.4—10.1 2 222 §1i§ 38 oA wa 
ST Persei 53.7 +38 47 8.5—10.5 2 15.6 919 2316 25 iz 
RX Cassiop. 2 58.8 +67 11 86— 9.1 32 07.6 14 0 15 8 
Algol 3 01.7 +40 34 23— 3.5 2 208 1016 22 3 8 8 25 13 
RT Persei 16.7 +46 12 95—115 0204 11 9 2423 712 21 3 
Tauri 55.1 +-12 12 33— 42 3 229 421 2016 1310 29 5 
RW Tauri 3 57.8 +27 51 7.1—<11 2185 1111 28 2 5 9 22 0 
RV Persei 4 04.2 +33 59 9.5—11.0 1 23.4 7M B5 tt oe 
RW Persei 13.3 +42 04 8.8—11.0 13 048 67 62 22 AE 
SZ Tauri 31.4 +18 20 7.2—7.7 3 03.6 26 76% 63 BS 2 
RS Cephei 4486 +8006 95—120 1210.1 12 8 2418 64 31 1 
TT Aurigze 5 02.8 +39 27 78— 8&7 0 16.0 5 0 18 8 7 8 2015 
RY Aurigze 11.5 +38 13 10.7—11.7 2 17.5 211 1820 4 5 2014 
RZ Aurige 42.9 +31 40 10.6—13.3 3 003 23 BS 74 BS 
SV Tauri 45.8 +28 05 94—11.0 2 04.0 810 2518 310 2018 
Z Orionis 50.2 +13 40 9.7—10.7 5 04.9 532 Be +t we 4 
SV Gemin. 546 +24 28 98—<11 4 00.2 S38 DS £86 Bs 
RW Gemin. 5 55.4 +23 08 9.5—11.0 2 208 6 2 23 7 318 20 23 
U Columbee 6 11.2 —33 03 9.2—10.0 2192 1015 2710 715 2410 
SX Gemin. 22.0 +20 37 10.8—11.5 1 08.8 8 4 2414 119 18 4 
RW Monoc 29.3°+ 8 54 9.0—108 1 21.7 si oary 7a B&B 5 
RX Gemin. 43.6 +33 21 8&8— 9.6 12 05.0 512 VwWwueseaoas 
RU Monoc. 6 49.4 — 7 28 98—10.5 0 21.5 602 8 021 @ 5 
R Can. Maj. 7 149 —16 12 58— 64 1 03.3 67 WZ 8:3 ae 
RY Gemin. 21.7 +15 52 89—<10 9072 1018 20 9 716 26 6 
Y Camelop. 27.6 +76 17 9.5—12 3 07.3 S4Aain $5 aH 
TX Gemin. 30.3 +17 08 10.0—11.9 2 19.2 $521 FR ws 
RR Puppis 43.5 —41 08 9.4—10.7 6 103 623 1920 8 3 2023 
V Puppis 7 55.4 —48 58 41— 48 1 10.9 518 As 6h RD 
X Carinae 8 29.1 —58 53 79— 87 0 13.0 is 2aiziiwPs 
S Cancri 8 38.2 +19 24 82—10 9 11.6 536 Bis 3 3 @ 2 
RX Hydrz 9 00.8 — 7 52 91—10.5 2 68 315 24 4 620 2013 
S Velorum 29.4 —44 46 78— 9.3 5 224 9622 3s (3B BB 
Y Leonis 9 31.1 +26 41 93—11.2 1 16.5 611 923 211 26 
RR Velorum 10 17.8 —41 36 10.0—10.9 1 20.5 38 6S S$ 2G 
SS Carine 10 54.2 —61 23 12.2—128 3 07.2 510 25 6 710 2015 
ST Urs. Maj. 11 22.4 +45 44 67—72 819.2 814 26 5 1219 30 10 
RW Urs. Maj. 35.4 +52 34 10.3—11.4 7 07.9 6 6 2022 414 19 6 
Z Draconis 11 39.8 +72 49 99—13.6 1 08.6 29 2R $8 BZ 
RZ Centauri 12 55.6 —64 05 85— 89 1 21.0 613 2113 53 Bw 
RSCan. Ven. 13 06.3 +36 28 7.5—12.5 4 19.1 718 2623 513 2418 
SS Centauri 07.2 —63 37 88—10.4 2 11.5 621i 71% 585 BAP 
733026 Hydre 13 39.0 —26 23 86—12.7 2 21.5 4% 2128 BS 
6 Libre 14 556 — 807 48—62 2079 4$ 64 Bi Be 
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Minima of Variable Stars of Short Period—Continued. 

Star R.A. Decl. Magni- Approx. Greenwich mean times of 

1900 1900 tude Period minima in 1920 

July-August 
h m d h d } d h d ih dih 
U Corone 15 14.1 +32 01 76— 87 3 10.9 7 4 20 23 319 2412 
TW Draconis 32.4 +64 14 7.3— 89 2 19.3 4 1 20 21 617 23 14 
SS Librae 15 43.4 —15 14 93—115 0184 1119 27 3 1110 2617 
SW Ophiuchi 16 11.1 6 44 92—10.0 2 10.7 8 22 23 15 ft awd 
SX Ophiuchi 126 —. 6 25 10.5—11.2 2 01.5 fia wm 1 914 26 2 
R Are 31.1 —56 48 68—79 410.2 614 24 6 1023 28 16 
TT Herculis 16 49.9 +17 00 8&9 93 20 18.1 aif 26% 612 27 6 
TU Herculis 17 09.8 +30 50 9.5—12 2 06.4 942 23 3 517 19 8 
U Ophiuchi 115+ 119 60—67 0 20.1 97 Bl 311. 2 5 
u Herculis 13.6 +33 12 46— 5.4 2 01.2 9 3 2111 Sze zi 5 
TX Herculis 15.4 +42 00 83— 9.0 100.7 1211 2420 12 9 2418 
RV Ophiuchi 298 +719 9. —12 3 16.5 9 4 2a sb 22 
SZ Herculis 36.0 +33 01 9.5—103 0 19.6 6t2nm Fe ms 
TX Scorpii 48.6 —34 13 7.5— 82 0 226 622 22 0 1315 2817 
UX Herculis 497 +16 57 88—10.5 1 132 5 0 20 12 5 0 2011 
Z Herculis 53.6 +15 09 71— 79 3 23.8 6 @B 5 8 5 24 4 
WX Sagittarii 53.6 —17 24 9.2—108 2 03.1 5914 22 15 8 16 25 17 
WY Sagittarii 17 549 —23 1 95—106 4160 1121 28 13 621 2413 
SX Draconis 18 03.0 +58 23 9.3—10.5 5 04.1 214 23 6 214 23 6 
RS Sagittarii 11.0 34 08 59 6.3 2 10.0 S 4 22% 6 + 20 16 
V Serpentis 11.1 —15 34 9.5—11.1 3 10.9 ° ££ 886 8 2 
RZ Scuti 21.1—915 7.4— 83 15 03.2 812 23 15 718 22 21 
RZ Draconis 21.8 +58 50 9.5—10.2 0 13.2 445 & 0 98 2 
RX Herculis 26.0 +12 32 7.0— 76 0 21.3 7 5 2814 416 18 22 
SX Sagittarii 39.7 —30 36 87— 98 2018 1115 28 6 2 2 4 
RR Draconis 40.8 +62 34 93—13 2 19.9 (sc wert 4 FS 
RS Scuti 43.7 —10 21 9.3—10.3 0 15.9 623 2622 9 5 2 3 
B Lyre 46.4 +33 15 3.4— 4.1 12 218 33 223 W2iw3wP 
U Scuti 18 48.9 —12 44 91— 96 0 22.9 S 2 2 9 716 22 22 
RX Draconis 19 01.1 +58 35 93—10.2 1 21.4 5 18° 20 22 5 20 4 
RV Lyre 12.5 +32 15 11 128 3 14.4 4£iv7 6 3 212 1422 
RS Vulpec. 13.4 +22 16 69— 80 4 11.4 714 2511 310 21 8 
U.Sagittz 144419 26 65—90 3 09.1 6 8 19 21 9 3 29 10 
Z Vulpec. 17.5 +25 23 7.3— 8.5 2109 9 8 24 1 719 29 2] 
TT Lyre 24.3 +41 30 94-116 5 05.8 66 2s 67 2H 
UZ Draconis 26.1 +68 44 90—98 1 15.1 S&F 210 16 06 2. 1 
SY Cygni 19 42.7 +32 28 10 —12 6 00.2 7 3 S 6 424 4 
WW Cygni 20 00.6 +4118 93—13.4 3 07.6 522 9 5 8 4 2 9 
SW Cygni 03.8 +46 01 9. —11.7 4138 417 21 0 1 4 1911 
VW Cygni 11.4 +3412 98—118 8 103 57 2 2 Y 722 2419 
RW Caprice. 122 —17 59 88106 3 09.4 7 8 2022 310 23 20 
UW Cygni 19.6 +42 55 10.5—13 3 10.8 622 2017 1010 24 5 

V Vulpec. 32.3 +26 15 82— 98 37 19.0 29 9 

W Delphini 33.1 +17 56 9.4—12.1 4 19.4 bZz2ags 5ae 25-3 
RR Delphini 38.9 +13 35 10.5—118 4 144 > § Ow i 2 ais 
Y Cygni 48.1 +3417 71— 7.9 1-120 6 2242 > 2 me 4 
WZ Cygni 49.3 +38 27 99—108 0 14.0 116 16 21 8 16 23 21 
RR Vulpec. 20 50.5 +27 32 9.6—11.0 5 01.2 $12 2317 220 23 O 
VVCyegni 21 02.3 +45 23 12.1—13.8 1 11.4 S$ 2a 616 21 10 
AE Cygni 09.0 +30 20 108—11.4 0233 1120 2113 922 2 7 
RY Aquarii 148 —11 14 88—104 123.2 1012 26 5 1123 2717 
RT Lacertz 21 57.4 +43 24 9.1—10.5 5 01.7 213 £2222 21 @ 
“4 UZ Cygni 55.2 +43 52 8.9—11.6 31 07.3 30 17 31 0 
‘4 RW Lacertz 22 40.6 +49 08 10.2—11.2 5 044 823 2412 9 1 2414 
| TT Androm. 23 08.7 +45 36 11.3—126 2184 10 5 2619 12 9 28 23 
2 Y Piscium 293 + 7 22 9.0—12.0 3 18.3 22 ms 919 24 20 
13 [TW Androm. 23 58.2 +32 17 86—11.5 402.9 6 5 22 16 8 4 24 16 











358 Variable Stars 
Maxima of Variable Stars of Short Period. 
[Calculated by members of the class in General Astronomy at Carleton College.] 


Given to the nearest hour in Greenwich mean time; to obtain Eastern Stan- 
i] 


dard time subtract 5"; Central Standard time 6°. etc. 


Star R.A. Decl. Magni- Approx. Greenwich mean times of 
1900 1900 tude Period maxima in 1920 
July-August 

h m ’ dad ih doh dih di ih d ih 
SX Cassiop. 0 05.5 +-54 20 86— 9.2 3613.7 13 17 19 7 
SY Cassiop 0 09.8 +57 52 93—99 4 17 413 2020 62 22 9 
RR Ceti 1270+ 050 83— 9.0 0 13.3 pi B2 4M BS 2 
RW Cassiop. 1 30.7 +57 15 8.9—11.0 14 19.2 222 te i7 112 6H 
V Arietis 2 09.6 +11 46 83— 9.0 0 23.8 623 2200 77 B64 
SU Cassiop. 2 43.0 +68 28 65— 7.0 1 228 Siz 44s 8H mF 
TU Persei 3 01.8 +52 49 11.4—12.2 0 14.6 6 7 2020 410 19 0 
RW Camelop. 3 46.2 +58 21 8.2— 9.4 16 00.0 7 23 8 24 
SX Persei 4 10.2 +41 27 10.4—11.2 4 07.0 7 2 24 6 1010 27 14 
SV Persei 428 +42 07 8&8&— 9.6 11 031 10 3 21 6 is oe 
RX Aurige 4 545 +39 49 7.2— 8.1 11 15.0 615 2921 1012 22 3 
SX Aurigie 5 046 +42 02 8.0— 87 1 128 3318 % 21 3 4 18 12 
SY Aurigz 05.5 +42 41 8.4— 9.5 10 03.3 912 219 922 &@ 5 
Y Aurigae 21.5 +42 21 86— 9.6 3 20.6 7 2222 78 2P 
RZ Gemin. 5 56.6 +22 15 9.1—10.0 5 12.7 4 4 2017 6 & 222 
RS Orionis 6 16.5 +14 44 82— 89 7 13.6 Son 2s. 4 > 4 2 7 
T Monoc. 198 +708 5.7— 68 27 005 1211 8 11 
RT Aurigz 23.0 +30 33 5.1— 6.0 3 17.5 6 1 20 23 421 19 18 
RZ Camelop. 23.7 +67 06 11.0—13.0 0 11.5 2138 623 fH AM 
W Gemin. 29.2 +15 24 6.7— 7.5 7 22.0 66 22 622 2e 
¢ Gemin. 6 58.2 +20 43 3.7— 4.3 10 03.7 410 2417 ae 
RU Camelop. 7 10.9 +69 51 85— 9.8 22 06.5 13 10 416 26 23 
RR Gemin 7 15.2 +31 04 10.0—11.5 0 09.5 6M 28 75 B22 
V Carine 8 26.7 —59 47 7.4— 8.1 6 16.7 Sze wf £89 2 
T Velorum 8 344 —47 01 76— 8.5 4 15.3 4H 23 @ WM mB s 
V Velorum 9 19.2 —55 32 7.5— 82 4 08.9 19 244 06CUZhA CUD 2 
Z Leonis 9 46.4 +27 22 79— 9.6 59 00.0 8 
RR Leonis 10 02.1 +24 29 91—10.1 0 10.9 620 2010 919 23 8 
SU Draconis 11 32.2 +67 53 89— 96 0 158 412 17 11 613 19 18 
S Musce 12 07.4 —69 36 64—73 9 158 7 9 2616 5 8 2415 
SW Draconis 12.8 +70 04 88— 9.6 0 13.7 621 22 19 718 23 17 
T Crucis 15.9 —61 44 68— 76 6 176 119 15 6 4ii 72 
R Crucis 18.1 —61 04 68— 79 5 198 68 Bowe 07 Az 
S Crucis 12 48.4 —57 53 65— 7.6 4 166 6 0 2418 720 26 14 
W Virginis 13 20.9 252 87—10.4 1706.5 12 5 2012 15 18 
SS Hydre 25.0 —23 08 74—81 8048 6 0 2210 720 245 
RV Urs. Maj. 13 29.4454 31 92—99 0112 10 7 24 8 79 2110 
ST Virginis 14 22.5 0 27 103—11.4 0099 1320 30 6 9 & 2518 
V Centauri 254 —56 27 64—78 5119 718 24 6 917 2 5 
RS Bootis 29.3 +32 11 8.9—10.0 0 09.1 It 3625 4 3-22 7 
RU Bootis 14 41.5 +23 44 128—143 0 11.9 [2a 2Yy 6th A es 
R Triang. Austr. 15 10.8 —66 08 6.7— 7.4 3 09.3 60 OM 23 2h 
S Triang. Austr. 15 52.2 —63 29 64— 7.4 6078 $323 2222 44 23 
S Norm 16 10.6 57 39 66 7.6 9 18.1 13 os He 2S 
RW Draconis 33.7 +58 03 9.6—10.8 0 10.6 322? 2215 3: 9 @& 2 
RV Scorpii 16 518 —33 27 67—74 6015 620 19 0 6 4 24 9 
X Sagittarii 17 41.3 —27 48 44— 50 7 003 ht 222i Gi Baz 
Y Ophiuchi 473 — 607 61—6517029 416 2118 722 25 9 
W Sagittarii 17 58.6 —29 35 43—51 7143 521 21 1 5 6 2010 
Y Sagittarii = 18 15.5 —18 54 54-62 5186 620 24 4 1012 27 20 
U Sagittarii 26.0 —19 12 65— 7.3 6179 3 9 2315 6 2 1914 
Y Scuti 32.6 8 27 8.7— 9.2 10 08.3 9 3 2019 9 4 29 20 
Y Lyrz 34.2 +43 52 11.3—12.3 0 12.1 011 2212 914 2) 16 
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Maxima of Variable Stars of Short Period—Continued. 


Star R.A. Decl. Magni- Approx. Greenwich mean times of 
1900 1900 tude Period maxima in 1920 
July-August 

h m j dh d ih d ih d ih d ih 
RZ Lyre 18 39.9 +32 42 99—11.2 0 12.3 ma2Z45 NS Bi 
RT Scuti 44.1 —10 30 9.1— 9.7 0 11.9 10 23 22 21 8 BE 
«x Pavonis 18 46.6 —67 22 38— 5.2 9 02.2 ee | 2 0 20 4 
U Aquilz 19 240 — 715 62—69 7 00.6 78’ woo 8€t Bw 
XZ Cygni 30.4 +56 10 86— 9.3 0 11.2 619 2019 1019 2419 
U Vulpec. 32.2 +20 07 65— 7.6 7 23.5 911 2510 10 9 2 8 
SU Cygni 40.8 +29 01 62— 7.0 3 203 3 8 1817 1019 2 4 
n Aquilz 474+ 045 3.7— 45 7 04.2 ' 4 420 19 4 
S Sagittze 51.5 +16 22 56— 64 8 09.2 54 AaASBnF77 aH 
X Vulpec. 19 53.3 +26 17 9.5—10.5 6 07.7 625 914 713 BD 
X Cygni 20 39.5 +35 14 6.0— 7.0 16 09.3 6i2 22 fs 7? 2e 
T Vulpec. 47.2 +27 52 5.5—6.1 4 10.5 612 1919 613 19 20 
WY Cygni 52.3 +30 03 9.6—10.4 0 13.5 Siz 213 i 4 ws 
RV Capric. 55.9 —15 37 9.2—10.1 0 10.7 410 2413 7 0 2010 
TX Cygni 20 56.4 +42 12 8.5— 9.7 14 17.4 In 0 AY twit wa 
VY Cygni 21 00.4 +39 34 88— 9.5 7 20.6 >i ts 311 19 4 
SW Aquarii 10.2 020 99—108 0 11.0 5 4 18 23 815 22 9 
VZ Cygni 21 47.7 +42 40 82— 92 4 20.7 7a B2Ti Bl Be 
Y Lacertze 22 05.2 +50 33 9.1— 9.6 4 07.8 6 3 23 10 917 27 0 
5 Cephei 25.5 +57 54 3.7— 46 5 088 9435360 8 211 
Z Lacerte 36.9 +56 18 8.2— 9.0 10 21.1 5 22 27 16 713 FZ Ss 
RR Lacertze 37.5 +55 55 85—92 6 10.1 10 14 23 10 5 6 2412 
V Lacertae 44.5 +55 48 85— 9.5 4 23.6 é¢6 B44 BF SS 2 
X Lacertie 22 45.0 +55 54 82— 86 5 10.7 6 & 21 5 613 22 21 
SW Cassiop. 23 03.7 +58 11 9.2— 9.7 5 10.6 819 25 3 1011 2618 
RS Cassiop. 32.6 +61 52 9.0—11.0 6 07.1 822 2112 9 9 2 6 
RY Cassiop. 47.2 +58 11 9.3—11.8 12 03.4 , 3 2 i 216 26 23 
V Cephei 23 51.7 +82 38 60— 70 0 23.9 7 2: te Fiz 





Nova Ophiuchi No. 4.—On a photograph taken April 14 
Ophiuchi, No. 4, 180911, Miss Cannon 
type. Line 4363 is the strongest 


. 1920, of Nova 
finds the spectrum to be of the nebular 
. Which is generally the case in the first form of 
the nebular spectrum of novae. Line 5007 is present, although faint. The pho- 
tographic magnitude is 11.0. 


Harvard College Observatory, Bulletin 718 





NOTES FOR OBSERVERS. 


Monthly Report of the American Association of Variable Star 
Observers, March 20 to April 20, 1920. 


For all those lovers of variable stars who were able to be present on May 8 
at the Spring meeting of the Association—and there were thirty in all 


the event 
was a memorable one All the officers and members of the 


Council were in at- 
tendance and many plans were discussed for increasing the scope and value of 
our work. The meeting place was the Up Town Club. New York City, which 
proved to be very delightful and convenient. and a vote of thanks was extended 


to Mr. Pickering for the excellence of the arrangements. Thos« 


who came from 
a distance were entertained at supper. and many remained over for the next day. 








VARIABLE STAR OBSERVATIONS, March 20 to April 20 


001726 
T Androm. 
J.D. Est.Obs. 
242 
2362.1< 11.0 Ch 


001755 
T Cassiop. 
2396.3 8.9 L 
2405.5 9.3 Pt 
08.3 91 L 


001838 
R Androm, 
2362.1 9.9 Ch 
74.1 10.6 


001909 
S Ceti 
2362.1 10.0 Ch 
003179 
Y Cephei 


2405.5<13.5 Ba 
25.5< 13.0 


004047 
U Cassiop. 
2405.5 9.5 Pt 
08.5 11.0 Ba 
29.5 9.0 Y 


004435 
V Androm. 
2408.5 9.0 Ba 


004533 
RR Androm. 
2408.5 8.8 Ba 


004746a 
RV Cassiop. 
2408.5 9.3 Ba 


004958 
W Cassiop. 
2405.5 10.3 Pt 


010940 
U Androm. 
2408.5<12.5 Ba 


911041 
UZ Androm. 
2408.5< 12.7 Ba 


011272 
S Cassiop. 
2405.5 7.7 Ba 
23.6 8.5 Pt 
25.6 7.9 Ba 


Notes for Observers 


Mar. 0 = 2422384 


012350 
RZ Persei 
J.D. Est.Obs. 
242 
2405.5 
21.6 


10.2 Ba 
10.1 ¥ 


013238 
RU Androm. 
2362.1< 11.0 Ch 
2405.5 10.9 Pt 
08.5 11,0 Ba 


013338 
Y Androm. 
2362.1 9.5 Ch 
74.1 10.3 
2408.5~ 12.5 Ba 


014958 
X Cassiop. 
2407.5 12.5 Ba 
21.6 123 Y 
24.5 12.3 Jk 


015354 

U Persei 
2405.5 7.5 Ba 

25.6 7.6 

021024 

R Arietis 
2385.3 10.1 L 
96.8 9.4 Le 
2405.5 8.9 Pt 
06.3 8.4 Pe 
10.3 7.9L 


021143 
W Androm. 
2407.5<12.5 Ba 


021281 
Z Cephei 
2405.6< 13.5 Ba 


021403 

o Ceti 
2362.1 
77.1 
85.3 
90.2 
96.8 t 


021558 

S Persei 
2405.5 9.3 Ba 
25.6 9.6 


022000 
R Ceti 
2390.2 9.0 Pe 


© 
> 


wee es 
“Jip & & PO 
Eon 

= @ 


022150 
RR Persei 
J.D. Est.Obs 
242 
2408.6 
21.6 


11.1 Ba 
10.7 Y 


022813 
U Ceti 
2366.1 9.4 Ch 
75.1 8.8 


002980 
RR Cephei 


2402.9 


023133 
R Trianguli 
2407.5 11.5 Ba 


024356 

W Persei 
2403.3 9.2 Pe 
05.5 10.4 M 
05.6 9.7 Gd 
05.6 10.6 Pt 
07.5 10.1 Ba 
26.5 10.5 Cl 


030514 
U Arietis 
2408,5 
22.5 


9.7 Ba 
9.2 Jk 


031401 

X Ceti 
2390.3 9.0 L 
98.3 
2405.3 
05.5 8. 


032043 

Y Persei 
2393.3 10.1 Pe 

2402.3 9.9 
05.6 10.2 Pt 
07.5 10.2 Ba 


032335 
R Persei 


2407.5 11.0 Ba 


032443 
Nova Persei #2 
2402.3 13.2 Pe 


, 1920. 


April 0 = 2422415 
033362 045307 
U Camel. R Orionis 
J.D. Est.Obs. J.D. Est.Obs 
242 42 
2407.5 7.2 Ba2407.5 12.0 Ba 
21.6 115Y 
035915 22.5 11.4 Jk 
V Eridani 
2408.5 8.7 Ba 045514 
R Leporis 
041619 2386.3 7.4 L 
T Tauri 95.3 7.2 
2405.5 10.0M 98.3 7.0 
07.5 9.7 Ba 2405.3 7.0 
05.5 8.4 Pt 
042209 07.5 7.2 Ba 
R Tauri 08.5 7.0B 
2405.6 115Ba 493 7.2L 
346 12.0Jk 216 678B 
042215 050003 
W Tauri V Orionis 
2401.4 12.7 Ja 2405.6<12.7 Ba 
04.3<12.1 Pe 9296<12.5 Jk 
05.5 12.0M 
07.5 12.3 Ba . 
225 11.8 Jk T Leperis 
, 2387.8 8.9 Ml 
tae 90.3 8.5 Pe 
2405.6<12.6 Ba 2405.3 92 Pt 
043065 21.6 10.2B 
T Camel. ne 
2391.3 8.9L 050953 
2405.3 8.7 R Aurigae 
05.5 8.6Ba 2405.5 84 Ba 
17.6 88M 08.5 9.2 Pi 
25.6 89Ba 126 85M 
21.5 83B 
043208 23.7 8.1 Pt 
RX Tauri 23.8 83 Ml 
2407.5 13.0Ba 25.6 8.0 Ba 
22.6. 12.1B 
. 052034 
“dae S Aurigae 
2408.6 amen. 2393.3 9.1 Pe 
408.6 10.0Ba 54994 99. 
176 108M “"o3's yt Pe 
206 113B 934 96 Ja 
21.6 113Y 975 88 Ba 
226 11.3Jk i598 91M 
24.7 11.5 Pt : . 
21.5 92B 
25.5 11.9 Ba 
044617 052036 
V Tauri W Aurigae 
2401.3 104 Ja 2404.4 10.8 Ja 
07.6 10.0Ba 05.4 11.0 L 
17.6 91M 07.5 10.8 Ba 
25.6 11.1B 25.5 122B 
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VARIABLE STAR OBSERVATIONS, March 20 to April 20, 1920—Continued. 


052404 
S Orionis 


10.5 M 
10.1 Ba 
10.1 B 


053005 

T Orionis 
2390.3 10.3 Pe 
90.3 
99.3 
2402.3 
05.5 
05.6 
04.6 
06.3 
07.5 


Ba 
M 
Pt 


11.9 Ja 
10.7 M 


053531 
U Aurigae 

2407.6 9.1 Ba 
17.6 10.0 
20.6 10.1 
21.6 10.4 
24.7 10.0 
29.6 10.6 


05.6 


M 
B 
Y 
Pt 
Y 


054319 

SU Tauri 
2396.3 9.4 
2401.4 
02.4 
03.3 
04.3 
05.3 
05.4 
05.5 
07.5 
07.5 
07.6 
08.3 
08.6 
12.6 
20.5 
21.6 
21.6 


DW WWW WOW OO woo wooo 
Dip Arr h& WUD Do 


Est.Obs. 


054319 
SU Tauri 
J.D. 
242 
2422.6 
24.6 
25.5 


9.4 B 


wo 
<< 


LOL OD 
i) 


Nowa nun 
<mwARoO 


12.7 Y 
054615b 
RS Tauri 

2434.6 8.7 Y 


0546 15¢ 
RU Tauri 
2434.6<13. Y 
054920 
U Orionis 
2377.2<11.0 Ch 
2404.4< 12.1 Pe 
07.6 11.5 Ba 
12.6 11.4 M 
26.5 10.9 Cl 


054974 

V Camel. 
2407.6 10.9B 
08.6 10.8 Ba 
12.6 98M 
20.6 
21.6 
23.7 
25.6 
28.6 


10.0 B 
10.5 Y 
10.7 Pt 
10.9 B 
10.5 B 


055353 

Z Aurigae 
2402.4 10.7 Ja 

05.6 11.0 M 

07.6 10.5 Ba 

08.5 10.8 Pi 

28.6 11.2 B 

34.6 11.0 Jk 


060450 

X Aurigae 
2405.4 11.8 Ja 
05.5 11.7 Ba 
08.5 12. Pi 
12.6 
24.7 
25.6 
25.6 


10.0 M 
10.0 Pt 
11.6 B 
11.6 Ba 


Est.Obs. 


060547 063558 
SS Aurigae S Lyncis 
J.D. Est.Obs J.D. Est.Obs 
242 242 
2398.3<13.3 L 2405.5 11.4 Ba 
2402.4-< 12.4 08.6 12.0 Pi 
03.3<13.3 12.6 11.5 M 
04.7< 12.6 Pt 24.7 12.7 Pt 
05.4<133L 25.6 1258 
05.5<12.6 Cl 25.6 12.9 Ba 
05.5-13.8 Ba 
05.6<12.6 Pt 064030 
06.3<13.0 L X Gemin. 
06.4<13.3 Ja 2405.4 8.0 Ja 
07.5 13.3 Ba 05.6 7.8 Ba 
083<13.0 L 07.5 82 Pi 
08.5<12.4 Pi 126 79M 
08.6<13.5 Ba 30.6 9.0 Ba 
10.3 12.4 L 
12.3 11.5 L petiag 
mcweo on 
21.6<13.3 Y 94923 11.0 Ja 
22.6<13.3 Jk “oss 101 M 
22.6<12.6 Pt 976 1038 
ee 28.6 10.7 
23.6< 13.3 Y 
24.5<13.3 Jk P 
24.6<12.6 Pt A tel 
24.6<12.4 Cl 9492.4 10.1 Ja 
eeciss KK 6661S 105 Pi 
26.6128 Cl 916 190 Y 
265-130 Sk 938 93 Ml 
28.7<<12.6 Pt 256 95 B 
30.5 < 13.5 Ba 
34.5<" 13.0 Sp = 
065208 
$4.6-13.3 Jk pee 
TT nS rh i 
V Aurigae ’ 
2407.6 118 Ba “ose nae 
126 108M 076 7.6 Ba 
10.3 8.0L 
061702 
V Monoc. 065355 
2407.6 12.7 Ba R Lyncis 
2405.5 8.9 Ba 
063159 08.5 9.3 Pi 
U Lyncis 12.6 9.5 M 
2405.5 124 Ba 21.6 90 Y 
08.6 13. Pi 247 88 Pt 
21.6 11.7 Y 256 87 B 
25.6 11.0 Ba 29.6 8.6 Ba 
346 104 Y 346 83 Y 
063308 070109 
R Monoc. Canis Min. 
2407.6 12.0 Ba 2405.6 13.5 Ba 


070122a 
R Gemin. 
J.D. Est.Obs. 


242 
2363.1 9.7 Ch 
10.2 


79.2 
2402.3 11.8 Pes 
11.3 Ba 


07.6 
24.7 12.0 Pt 


070122b 

Z Gemin. 
2363.1 10.9 Ch 

79.2 10.6 
2403.3 12.3 Pe 
07.6 12.3 Ba 
24.7 12.5 Pt 


070122c 
TW Gemin. 
2401.3 8.2 Pe 
07.6 8.3 Ba 


070310 
R Can. Min. 
2386.3 
87.8 
2403.3 
04.4 
05.5 
07.6 
20.6 


oo 
nas 


GO SI I SO GO SO ¢ 
wooerear 
oS — 


-—_oOoOmewre 


071713 
V Gemin. 
2405.6 8.7 
05.6 8. 
07.6 9. 
22.6 9. 
24.7 


Dacor: 
TOUTS 


9. 


a 


072708 
S Can. Min. 
2363.1<11.0 Ch 
90.3 12.3 Peo 
2402.8 12.2 Pa 
07.6 13.2 Be 
08.6 12.6 Pi 


072811 
T Can. Min. 
2407.6 11.5 Ba 
24.7 10.0 Pt 


072820b 
Z Puppis 
2405.6< 12.5 Ba 
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073508 

U Can. Min. 

J.D. Est.Obs. 
242 

2407.6 10.8 Ba 

08.6 11.0 Pi 

21.6 10.3 Y 

10.5 Pt 


24.7 
346 9.3 Y 


073723 
S Gemin. 
2405.6 13.8 


074323 
T Gemin. 
2405.6 13.5 


Ba 


Ba 


074922 
U Gemin. 
2396.3 13.7 L 
98.3 < 12.4 
2402.4< 12.3 
03.3<12.4 
03.4~ 13.8 Ja 
05.3<12.4 L 
05.4<13.6 Ja 
05.5<13.7 Ba 
06.3< 12.4 L 
07.5< 13.5 Ba 
07.6<12.6 B 
07.6< 12.3 Pi 
08.3< 12.4 L 
08.6< 13.5 Ba 
10.3<11.7 L 
21.6<13.7 Y 
22.6< 13.3 Jk 
22.6<12.4 Pt 
24.5< 13.3 Jk 
24.6< 13.7 Pt 
25.5<13.7 Ba 
25.6 < 12.4 Cl 
28.5< 13.3 Jk 
28.6< 13.0 B 
28.7<12.3 Pt 
30.6< 13.7 Ba 
34.5 13.2 Sp 
34.6< 13.3 Jk 


075612 

U Puppis 
2407.6< 13.5 Ba 
25.6<12.3 B 


081112 
R Cancri 
2363.2 7.8 Ch 
87.8 
2405.6 
07.6 
07.6 
22.6 
24.7 
26.5 
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081617 090425 095421 121418 
V Cancri W Cancri V Leonis R Corvi 
243 Est.Obs. —“" Est.Obs. _ Est.Obs. 243 Est.Obs. 
2401.4 12.7 Ja 2396.3 13.5 L 2403.4 12.3 Ja 2407.6<12.5 Ba 
07.6 12.2 Pi 2407.6 13.8 Ba 07.6 12.5 Ba 
07.6 11.5 Ba 24.7 12.9 Pt ss Vira 
093014 rT 
082405 X Hydrae 103212 2386.7 7.4L 
RT Hydrae 2403.5 9.8 Ja U Hydrae 2402. H 7.8 
2387.8 82 Ml 086 9.3 Ba 24053 5.2L 
13 80 L 08.6 5.0 Ba 93.5 86 Ja 
2405.3 7.7 093178 07.6 7.6 Ba 
07.6 7.4 Ba Y Draconis 103769 08.3 8.0 L 
28.5 8.2 Ya2405.6 13.5 Ba R Urs. Maj. 13.8 88M 
21.6 13.4 Y 2366.2 7.3 Ch 
083019 25.6 13.5 Ba 77.2 8.0 122532 
U Cancri 2404.88 81M _ T Can. Ven. 
2407.6 13.6 Ba 093934 05.55 9.2 Cl 2405.6 9.6 M 
R Leo. Min. 05.6. 8.2 B 07.6 9.5 Pi 
083350 2386.3 6.6 L 11.8 87 Pt 07.6 9.3 Ba 
X Urs. Maj. 2403.3 6.8 21.6 9.0B 30.6 9.4 
2405.6<12.8 Ba 04.7 76 Pt 266 9.2 Ya 
25.6< 12.8 07.6 67 Ba 281 9.0 Bas 122803 
07.6 7.3 Pi : Y Virginis 
084808 078 69M 104620 =. 2386.7< 10.8 L 
S Hydrae 95 78 Ya VHydrae 2403.5 11.0 Ja 
2363.1. 7.6 Ch 345 8.0 Sp 2403.5 7.6 Ja 05.4 104L 
751 75 345 T76E 05.3 65 L 07.6 10.2 Ba 
878 85 MI 08.6 64Ba 13.8 10.2 M 
24047 8.0 Pt 094211 ms 668 
07.6 8.2 Ba R Leonis 104814 123160 
08.6 8.5 Gd 2363.1 7.5 Ch T Urs. Maj. 
086 84Pi 77-2 7.0 W Leonis 2405.6 13.0 Ba 
366 91 Ya 933 6.8 Pe 2407.6 12.2 Pi 06.3 12.3 Pe 
: 7 2402.3 6.7 . ao — ~ 22.6 13.0 Jk 
085008 02.4 5.9 22.6 6 28.1 12.0 Ba, 
T Hydrae 03.3 6.4 Bq, 347 123 Y 
2363.1 10.9 Ch 04.5 6.0 Ro = 123307 
75.1 105 04.7 5.9 Pt 110506 R Virginis 
913 11.6 L 05.4 66 Ja Z Leonis 2403.4 9.5 Pes 
2404.7 12.1 Pt 056 6.0 M 2409.6<11.8 Pi 04.7 11.6 L 
053 123L 07.6 5.5 Ba 115158 04.8 11.7 Pt 
26.6<118 Ya 076 66Pi 7. Ma: 07.6 11.4 Ba 
08.3 5.9 Ros rs. Maj. 09.6 11.8 Pi 
‘ “ 2387.7 8.3 Ml 126 12 
085120 08.3 6.2 Bar “115919 . oe 
T Cancri 08.4 6.7 Pe R Com Be o0.6 105 Sa 
2396.3 9.2L 86 64 Su 94994 "1439 gq 327 10.3 M 
2406.3 9.2 20.2 5.9 Row" "o6's 43.9 
076 «96 Pi 223 65 Ba 976-330 Ba 123459 
086 81 Ba 246 6.5 Cl 25 6<125 RS Urs. Maj, 
$06 85 25.6 6.5 . ” 2388.3 9.0 Pe, 
, 25.6 6.8 K 120012 2405.6 8.5 Ba 
: 5.4 ; a 06.3 9.5 P 
990024 = 2656.1 Ro; eats «oh fe 
2407 6< 73.0 Ba 30.6 6.1 Ba 97.6 12.4Ba 28.1 8.8 Bas 
“OS tu. 34.5 7.0 08.5 12.6 Jag 288 9.1 Pt 
345 7.2 Sp 337 115M 
090151 345 68E : , 123961 
V Urs. Maj. 120905 S Urs. Maj. 
2406.4 10.5 Ja 094622 T Virginis 2385.3 9.5 L 
08.6 10.0 Ba Y Hydrae 2403.5< 12.4 Ja 88.3 9.4 Pe, 
13.8 10.2 M 24086 65 Ba 076 130Ba 993 92L, 
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123961 
S Urs. Mai. 
J.D. Est.Obs. 
242 
2405.6 8.4 Ba 
06.3 8.9 Pe 
17.6 85M 
22.6 9.0 Jk 
28.1 8.0 Bae 
28.8 8.5 Pt 
124204 
RU Virginis 
2403.5< 13.0 Ja 
07.6 13.5 Ba 
124238 
U Can. Ven. 
2387.7 9.2 MI 
124606 
U Virginis 
2390.8 9.1 Ml 
2401.5 8.7 Ja 
03.3 9.1 Pe 
04.8 8.7 Pt 
06.4 8.9 Pe 
07.6 8.0 Ba 
08.5 8.9 Jas 
09.6 8.5 Pi 
13.8 81M 
125705a 
RT Virginis 
2387.7 8.3 Ml 
130802 
SW Virginis 
2387.7 7.5 Ml 
132422 
R Hydrae 
2404.8 9.2 Pt 
10.6 9.3L 
132706 
S Virginis 
2387.9 7.6 Ml 
2401.5 7.8 Ja 
04.8 8.2 Pt 
06.5 8.1 Ja 
07.7 8.1 Ba 
13.8 87M 
30.6 9.1 Ba 
133273 
T Urs. Min. 
2405.6 11.9 Ba 
08.8 11.8 M 
25.6 12.4 Ba 
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134440 
: Son. Ven. 


243 

2405.6 
07.7 
07.7 
22.6 
23.7 
29.6 
30.6 


Est.Obs. 


10.5 M 
10.6 Pi 
10.0 Ba 
9.9 Jk 
10.3 Pt 
10.3 Y 
10.0 Ba 


135908 
RR Virginis 
2401.5< 13.0 Ja 


140113 

Z Bootis 
2407.7<13.5 Ba 
25.6<13.4 Y 


140512 
Z Virginis 
2401.5<12.7 Ja 


141567 
U Urs. Min. 
2405.6 10.7 Ba 
13.9 10.4 M 
25.6 9.9 Ba 


141954 

S Bootis 
2386.3 10.3 L 

2405.3 9.1 
05.6 8.8 M 
05.6 8.9 Ba 
07.7 9.3 Pi 
24.7 8.6 Pt 
25.6 8.4 Ba 


142205 
RS Virginis 
2401.5 10.5 Ja 
07.7 9.4 Ba 
08.5 


142539 

V Bootis 
2386.7 7.6 L 
96.3 
2405.6 
07.7 
07.7 
08.3 
11.6 
20.9 
24.7 
28.5 
30.6 
34.7 


_ 
© 


UPz 


oro 


CoOpoawnwocw 


Ova rary 


90 Ge Ge Ge Ge Ge Ge Ge ge ae 
a & 


9.4 Ja, 


142584 
R Camelop. 
J.D. Est.Obs 


Ba 
M 
Ba 


144918 
U Bootis 
2407.6 11.6 
07.7 11.6 
12.7 11.6 
28.8 12.3 


Pi 
Ba 
M 
Pt 


150018 

RT Librae 
2404.6 10.3 Ja 
04.8 9.8 Pt 
13.9 10.8 M 


150519 
T Librae 
2404.6<12.4 Ja 


150605 
Y Librae 
2404.6<12.9 Ja 


151432 
V Cor. Bor. 
2372.4 7.8 Ch 


151520 

S Librae 
2372.4 9.2 Ch 
2406.6 8.6L 
13.9 85M 


151714 
S Serpentis 
2406.6 12.7 L 
07.7 11.1 Ba 
13.9 11.1 M 


151731 

S Cor. Bor. 
2372.4 8.2 Ch 
, 2405.6 9.5 Ba 

07.7 9.4 Pi 

12.7 96M 

24.7 10.0 Pt 

25.6 10.0 Y 

25.6 9.7 Ba 
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151822 154428 
RS Librae R Cor. Borr 
J.D. Est.Obs. J.D. Est.Obs 
242 242 
2406.6 11.8 L 2430.6 5.8 Ba 
33.7 6.0 Pt 
152714 34.7 6.7 Su 
RU Librae 154586 
2404.6<12.5 Ja ee iis. 
2404.8 11.8 M 
153378 eR, 
S Urs. Min. 07.7 11.5 Ba 
2406.4 11.8 Ja 154615 
09.6 11.2 Pi R Serpentis 
25.6 10.8 Ba 2403.0 6.2 Ja, 
33.7 11.4 M 04.8 58 M 
04.8 6.3 Pt 
154428 07.7 6.5 Ba 
R Cor. Bor. 34.7 6.9 Su 
“Sh, aa 
96.7 63 V Cor. Bor. 
974 &2 1 2404.8 10.2 M 
97. my 
2401.8 64Mu 48 9.5 Pt 
028 62 07.7 9.3 Pi 
045 64Ja 7.7 82 Ba 
04.7 6.2 L 154748 
04.8 6.2 M ST . Herculis 
04.8 6.1 Pt 2387.9 8.2 MI 
Se t21. ~° 
05.6 6.0 Ba 155018 
06.6 6.0L RR Librae 
06.7 6.0 Pt 2413.9 88M 
07.6 6.0 Pi 
07.7 5.9 Ba 155947 
07.8 6.3 Mu X Herculis 
08.6 6.0 Ba 2390.9 7.0 MI 
08.6 6.0L 2402.8 7.0 Mu 
08.7 62Su 07.8 6.9 
10.6 6.0L 08.7 6.6 Su 
10.8 63 Mu 11.8 7.0 Mu 
11.6 60Ro 20.7 69 
11.8 6.0 Pt 24.6 6.6 Su 
11.8 61E 248 6.8 Mu 
12.6 6.0L 26.7 6.9 
12.7 60E 347 6.6 Su 
9 Hr r~ 160021 
on ik = oe Z Scorpii 
20.6 6.0 Ro 53967 10.4 L 
20.7 6.3 Mu54087 10.9 
23.7 6.0 Pt “ : 
24.6 6.6 Su 160118 
24.7 5.9 Pt R Herculis 
24.8 60 E 92407.7<13.5 Ba 
24.8 6.4 Mu 
25.5 6.0 Ba 160210 
25.6 6.0 E U Serpentis 
25.6 6.0 Ro 2388.0 9.2 MI 
26.6 5.9 2404.8 10.0 Pt 
26.7 65 Mu 049 10.4M 
28.6 6.2 GI 07.7 10.0 Ba 
28.7 60 Pt 34.7 114 Y 








161122a 
R Scorpii 
J.D. Est.Obs. 


242 
~ 12.4 Ja 


2401.7 
161122b 
S Scorpii 
2403.1 
28.8 10.6 Pt 
161122c 
T Scorpii 
2413.9 10.8 M 


161138 
W Cor. Bor. 
2425.6 12.8 Y 


161607 
W Ophiuchi 
2408.6<12.5 L 
11.8 10.7 M 


162112 

V Ophiuchi 
2406.6 8.2 Ja 
07.8 85M 


162119 
U Herculis 
2371.5 11.0 Ch 
2404.8 11.5 Pt 
07.7 11.5 Ba 
07.8 10.7 M 


162807 
SS Herculis 
2433.8 10.7 M 


163137 

W Herculis 
2371.4 > 0 Ch 
2404.8 
04.8 
07.7 
25.6 11.2 
28.6 11.3 


163172 
R Urs. Min. 
2405.6 10.0 Ba 
07.8 10.4M 
08.6 10.0 Ba 
25.6 9.5 


163266 
R Draconis 
2407.8 7.3M 
08.6 7.8 Ba 
22.5 7.2 Jk 
25.6 7.3 Ba 
ar 6 Co 7.2 


103 


8M 
Pt 
10.9 Ba 
b 
Jk 


12.2 Ja, 
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164055 
S Draconis 
J.D 
242 


2404.8 
07.7 


8.9 M 
8.6 Ba 


164715 
S Herculis 
2404.8 93M 


165202 
SS Ophiuchi 
2404.9 9.6M 


165631 
RV Herculis 
2404.8 11.0 M 


170215 
R Ophiuchi 
2372.5<11.0 Ch 
2413.9 11.3 M 


171401 
Z Ophiuchi 
2401.5 8.5 Ja 
10.5 8.9 
11.8 90M 
24.7 9.2 Pt 


171723 
RS Herculis 
2401.6 12.4 Ja 
04.8 12.5 M 


172809 
RU Ophiuchi 
24016 9.5 Ja 
04.8 93M 
06.5 9.4 Ja 


173557 
TY Draconis 
2403.3 8.6 Pe 


175458a 
T Draconis 
2407.8 10.2 M 
22.6 9.7 Jk 
29.6 9.7 Y 
34.6 9.8 Jk 


175458b 
UY Draconis 
2407.8 11.4 M 
22.6 11.7 Jk 
34.6 12.0 


175519 
RY Herculis 
2408.8 87M 


Est.Obs. 
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175654 184205 192928 
V Draconis R Scuti TY Cygni 
J.D. Est,Obs. J.D. Est.Obs. J.D. Est.Obs. 
242 242 2404.9 114M 
2405.6 12.5 Ba2375.5 7.1 Ch 
; 86.7 6.7L 193449 
180531 2404.6 6.0 Ja R Cygni 
T Herculis 04.7 5.3L 23785 88C 
2371.4 7.4Ch 048 5.9 Pt 048 9.6 P 
24047 91L 05.8 6.0 Su 24049 92M 
048 95M 066 59 Ja 07.7 92B 
04.8 9.0 Pt 08.6 52L 
086 95L 118 5.6 Pt 193732 
126 9%7L 419 49M TT Cygni 
12.7 5.2L 24338 81M 
180565 — 28.8 5.4 Pt 
W Draconis = 33.8 5.5 194048 
2405.6 10.2 Ba RT Cygni 
22.6 9.8 Jk 184300 2378.5 8.2 Ch 
33.8 10.0 M Nova Aquilae #3 2404.8 9.4 Pt 
34.6 10.0 Jk 23725 81Ch 049 95M 
2403.1 8.2 Jas 07.7 9.9 Ba 
Bsn 048 8.5 Pt 
2433.8 112 M 066 8.2 Ja 194348 
; 10.7 81L TU Cygni 
180911 118 85 Pt 24048 10.6 Pt 
Nova Ophiu.#4 11.9 7.9M 049 10.9M 
2386.7 10.4 L 28.8 83 Pt 07.7 10.5 Ba 
2406.6 10.7 33.8 8.3 
10.6 10.5 194604 
11.8 10.3 Pt 185634 X Aquilae 
248 10.2 Z Lyrae 2411.9 86M 
28.8 10.5 2433.7 9.7 M 
33.7 10.2 194632 
190108 x Cygni 
181136 R Aquilae 2404.9 11.3 M 
W Lyrae 24046 9.3 Ja 33.8 10.0 
24048 115 Pt 11.9 99M 
10.6 10.3 L 195849 
13.8 10.4M 190529 Z Cygni 
296 90 Y V Lyrae 24048 93 Pt 
seine 24347 98 Y 049 96M 
SV Herculis 190926 200212 
2406.6 12.5 L X Lyrae SY Aquilae 
182306 2407.8 92M 2406.7 9.4L 
T Serpentis 190967 
2406.6 10.0 Jay Draconis SV Creni 
11.9 94M 94078 12.4 M 24049  9.4M 
08.6 12.1 Ba 
183149 
SV Draconis seer 200715a 
2425.6 123 Y o4i7 ——- - S Aquilae 
t 2411.9 88M 
183225 33.8 9.3 Pt 
RZ Herculis 191350 
2434.7 10.1 Y ontt te " 200715b 
: . RW Aquilae 
183308 2311.9 9.0 M 
X Ophiuchi 191637 
2406.6 79 Ja U Lyrae 200916 
06.6 2L 2404.8 10.7 Pt R Sagittae 
11.9 6M 07.8 104M 24119 94M 
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VARIABLE STAR OBSERVATIONS, March 20 to April 20, 1920—Continued 


200938 202954 210382 213843 213937 
RS Cygni ST Cygni X Cephei SS Cygni RV Cygni 


].D. Est.Obs. J.D. Est.Obs. J.D. Est.Obs. JD. Est. Obs. J.D. Est.Obs. 
242 242 242 242 


242 
2404.9 89M 2411.9 115M 24086 9.4 Ba 2362.0 11.0 Ch 2411.19 81M 
06.7 7.9 L 34.7 11.5 Y 34.7 9.0 Y 85.3<10.9 L 


12.6 7.6 onnee 86.6 11.6 . —. 
33.8 8.7 Pt 203226 _ 2404.7 8.2 acerta 
V Vulpeculae T Cephei 04.8 8.0 Pt 2410.7 10.6 L, 
201008 24049 88M 23913 62L 049 83M 223841 
R Delphini 33.8 8.5 Pt 2405.3 6.1 06.7 82L  RLacertae 
2406.7 8&7 L 126 6.3 07.8 84M 2410.7<12.3 L 
203816 28.7 63 Pt 087 86L 230759 
201647 S Delphini . 088 87M — y Cassiop. 
U Cygni 2411.9 10.5 M 213244 10.7 97L 94906 8.0 Gl 
24048 9.9 Pt W Cygni 11.8 10.2 Pt “o9g5 74 Ba 
049 99M 203847 24047 5.7L 118 103E 418 76 Pt 
V Cygni 10.7 5.9 11.9 103M 931425 
202539 = 2411.9 11.0 M scunee 12.6 10.6 L W Pegasi 
RW Cygni ; 12.7 11.0 E 24127 9.0L 
2404.9 8.9 M 204016 RU Cygni 13.8 10.7 M , . 
T Delphini 2411.9 87M 248 11.9 Pt 233335 
202946 2411.8 9.9 Pt 24.8 12.0 E _ ST Androm. 
SZ Cygni 11.9 99M 28.8 11.9 Pt 2362.1 9.4 Ch 
2404.9 10.2 M 33.8 11.9 75.1 9.2 
34.7 11.5 E 


No. of Observations: 952. No. of Stars Observed: 240. No. of Observers: 24. 


The following new members were elected: 


William L’ Allamand, 3altimore, Md 
Frank Daily, Pittsburg, Pa 
Edward Early, 3altimore, Md 
Claude A. Hall, Jr., Baltimore, Md. 
Prof. J. R. Jewett, Harvard University 
Dr. H. T. Stetson, Harvard University 
G. C. Thompson, Hudson, N. H. 

G. F. Thompson, Hudson, N. H. 


This brings the total of new members since the last Spring meeting to forty- 
Six. 

Mr. Irvin Murray read a paper on the orbital theory of variability of long 
period stars. Mr. Leon Campbell, our President, presented the preliminary re- 
sults of his reductions and classifications of about two hundred stars, which will 
appear later in the Harvard Annals. All present realized more than ever the 
value of observations as the “raw material” for the speculative student. 
The event of the evening was the presentation of two David B. 


Pickering 
gold medals for the photographic discovery of novae by members of the 


Associa- 
tion. Miss Ida E. Woods received a medal with three bars attached 
for Nova Sagittarii 5, Nova Ophiuchi 5, and Nova Sagittarii 6. The other medal 
was awarded to Miss Joanna S. C. Mackie for Nova Lyre 1. As Miss Mackie 
was detained from being present, Miss Cannon was delegated to present it to her 
in Cambridge. The medals, which are the first awards under the Constitutional 
provisions, are of beautiful workmanship, and are 
discoveries made by these members, the significance 
plained by Miss Cannon. 


. one each 


splendid recognition of the 
and value of which was ex- 
She emphasized the importance of early discovery of 
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bright nove, and it is hoped that some member of the Association will soon be 
in a position to claim the medal for a more important visual discovery. 

The chart committee anounced that eight hours of R.A. have been completed 
in the systematic correction of charts, and all the details are explained in a print- 
ed report which will be mailed to each member. Mr. Yalden has prepared a new 
atlas of the sky, in a single projection, showing the Harvard magnitude of all 
stars brighter than 4.5. Anyone desiring this chart, which has been very highly 
commended, should communicate with Mr. D. B. Pickering, 171 So. Burnett St., 
East Orange, N. J. The telescope committee announced the loan of the tele- 
scope of Mr. and Mrs. C. W. Elmer for the use of some observer. Miss Furness 
extended a very cordial invitation for the Association to hold its next Spring 
meeting at the Observatory of Vassar College. Mr. Hunter gave the meeting 
a very interesting account of his recent trip through South America, and espec- 
ially of his pleasure in visiting one of our southern members, Mr. Bernard Daw- 
son, of the National Observatory, La Plata. 


We welcome this month the first publication of observations from a mem- 
ber of Switzerland, Mr. Otto Berger, with initial “Bq”, and also the observations 
of Dr. Merrill “MI”, of Mount Wilson Observatory. 

The following members contributed to this report: Messrs. Bancroft. Ber- 
ger. Bouton, Chandra, Clement, Eaton, Gartlein, Godfrey, Janezewski, Jordan, 
Kimball, Lacchini, McAteer, Merrill. Mundt, Peltier, de Perrot, Pickering, Rhor- 
er, Spinney, Suter, and Yalden, and Misses Jenkins and Young. 

Howarp O. Eaton, 


Recording Secretary. 





COMET AND ASTEROID NOTES. 





Tempel’s Periodic Comet.—<A telegram from Harvard College Observa- 
tory received May 28, announces an observation by Kudara. of Kyoto, Japan, 
of the periodic comet Tempel: on May 25 in the following position: 

G. M. T. R.A. Dec. 
May 25.2986 2 S65” OF" 4° 23’ 
The daily motion is east 3" 06°, north 8’. Magnitude 11. 

The comet is thus in the constellation Aquarius and moving nearly due east. 
In the latter part of July it will be in the vicinity of the Y-shaped group of 
stars of ¥ ¢ » m Aquarii. 

The comet was first seen in 1873 by Tempel and returns at intervals of 5.279 
years. It is not due at perihelion until about September 12, when its position 
for observation will be more favorable than now. It can now be seen with a 
small telescope but is not at all conspicuous. 

No ephemeris of this comet has yet come to hand. 





COMMUNICATIONS 


Occultation of Jupiter’s Satellite IIT by 1.—While examining Ju- 
piter on the evening of April 9, 1920, with the 6% in. Clark refractor, I had the 
good fortune to observe an occultation of Satellite III by Satellite I. Il had been 
occulted by the planet. III had reappeared from occultation and gone again 
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into eclipse. I and II were alone visible, 1V on the west going east and I on the 
east going west to a transit. At 11" 16™5 G.M.T., III reappeared from eclipse and 
was close to I in the same straight line parallel with the line of the belts. Set 
ting the threads and observing the magnitudes sufficed to show that they had not 
yet passed each other. It did not take long for them to do so. As they ap- 
proached the appearance was that of a beautiful close double star. I changed 
from a power of 100 to one of 800, and in a short space of time saw the phases 
(as if of a binary system) of separated but close, contact, bean shaped, elongated, 
round or single; then in reverse order, elongated bean shaped, contact, separated 
or double. The phase of round or single occurred at about 11" 38™ G.M.T., and 
lasted a few moments. At this phase the combination appeared perfectly round 
‘ E. D. Rog, Jr. 
John Raymond Professor of Mathematics 
and Director of the Roe Observatory 
Syracuse University, Apr. 15, 1920. 





A Corrigendum. 
books on Astronomy were remarkably accurate in their descriptions, in spite of 
Kelvin McKready’s observation on page 146 of “A Beginner's Star-Book” (1912). 


But the chatty article by Mary E. Byrd in Number 271 (January 1920) of Port 





I had always thought that the late Prof. C. A. Young’s 


LAR ASTRONOMY gave me occasion to look up the uranographical chapter i 


Young’s “Lessons in Astronomy” (Revised Edition, 1903) with the result that 
[I came across, in Section 53 (page 46), the curious mistake in description that 
vy Leonis is at the southeast corner of the irregular quadrilateral formed by 4, 7, 
5 and 8. As a matter of fact, Y is at the northwest (and not the southeast) 
angle of the rough trapezoid. The Hindu star-group, known as “Magha,” in- 
cludes, besides y Leonis, 4, 7, € and w {Mukherji: An Atlas of Hindu As 
tronomy, page 0). 

Vedaraniam, South India, 1920, April 1. —V. V. RAMANAN, Pu. D., F.R.A.S. 





Singular Dates.—Referring to singular historical dates quoted from 
L’Astronomie, and published in April number of PopuLArR Astronomy, I call 
attention to January 20th of this year 

It was the twentieth day, of the twentieth year, of the twentieth century. 

Perhaps a child could be found who was born in the 20th minute, of the 20th 
hour of the 20th day, of the 20th year of the 20th century, (Jan. 20th, 1920). 

Joun CANDEE DEAN 

The University Club, Indianapolis, Indiana 


GENERAL NOTES. 


The next number of PopuLar Astronomy is the August-September number, 
which we are planning to issue some time during the latter half of July 
Prof. A. Fowler. F. R. 8S., F. R.A. S., has been elected a Corre 
> 
sponding Member of the Paris Academy in the section of Astronomy. 





Prof. R. A. Sampson, F. R.S., Astronomer Royal for Scotland has 
been appointed Halley Lecturer in the University of Oxford 
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Prot. A. S. Eddington, F. RK. S., has been elected President of Section 
A for the British Association meeting this summer. 


Professor Joel Stebbins. director of the observatory of the University 
of Illinois, has been elected a member of the National Academy.of Sciences. 





Dr. H. D. Curtis,the new director of the Allegheny Observatory, has been 
elected a member of the American Philosophical Society. 





The Allegheny Observatory.—The following minute was adopted by the 
Observatory Committee, and also by the Executive Committee of the Board of 
Trustees of the University of Pittsburg, at its meeting on January 14th :— 

“In complying with the request of Dr. Frank Schlesinger that he be re- 
lieved of his duties as Director on April 1st, 1920, to take charge of the Yale Ob- 
servatory, the Committee desire to express their appreciation of his fifteen years 
of active and fruitful service, during which the Allegheny Observatory has made 
many valuable contributions to astronomical science, and worthily upheld its 
international reputation created by Langley and Keeler. While we regret to 
lose the valuable co-operation and friendly personal relationship which our long 
association with Dr. Schlesinger has developed, we sincerely congratulate him on 
the enlarged and attractive field of scientific usefulness which his new position 
offers; and heartily wish for himself and family, continued health, happiness and 


success. Moreover, we look forward with pleasure to our continued co-operation 


in the solution of great astronomical problems which are rapidly bringing into 
closer fellowship the astro-physicists of the world.” 


On the evening of March 22nd,a few days before Dr. Schlesinger’s departure 
for New Haven, a testimonial dinner was given to him by the Observatory Com- 
mittee. Besides the Committee there were present other members of the Board 
of Trustees and a few other guests. 

Dr. H. D. Curtis has been elected Director of the Observatory and he is to 
assume charge early in July, 1920. Dr. Curtis has been connected with the Lick 
Observatory for about twenty years. For a number of years he had charge of the 
station of the Lick Observatory at Santiago, Chile; more recently he has had 
charge of the work with the Crossley Reflecting Telescope on Mount Hamilton. 

Dr. Frank Craig Jordan, Assistant Professor at the Allegheny Observatory 
since 1908, has been promoted to a full professorship and has been elected As- 
sistant Director of the Observatory. 





The Parallaxes of Fifty Stars.— Sproul Observatory Publications, No. 
5, just received, contains the second list of parallaxes of fifty stars determined at 
the Sproul Observatory, by Director John A. Miller with the cooperation of John 
H. Pitman and Hannah B. Steele. These parallaxes have all been determined by 
the measurement of photographic plates, taken according to the plan of the ob- 
servatories coOperating in the parallax campaign. They are extremely accurate, 
the probable error averaging about +0”.010. The parallaxes are all small, only 
five of the fifty exceeding 0”.1 and the largest being 0”.146. 
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The Signals from Mars.—The opposition of Mars of 1920 is now a 
thing of the past, and let us hope that the talk of its being inhabited by intelligent 
beings has gone with it, at least until the next opposition in two years from now, 
when it will be sure to bob up again. It is a perennial question, which will not 
down in the popular mind nor in the press, in spite of all the arguments that have 
been presented against it. Some of these were given in my communication of last 
month. This time I will advert to only one other. 

It has always claimed by the advocates of the Martians that because Mars 
is smaller than the earth and farther from the sun, it must be much older than 
the earth and therefore immeasurably further advanced in civilization and science. 
I could never see the reason, nor could I ever understand why our race should 
be thus insulted, I might say, and taunted with inferiority by some of our own 
kind, especially in this age in which we pride ourselves so strongly on our in- 
ventions. 

For the sake of argument, however, let it pass. Let us grant it all. Let us 
suppose the Martians are ages ahead of us in wireless and in everything else. 
How often, then, time and time again for centuries did they signal to earth and 
never once get an answer! Did they not long and long ago, perhaps several 
thousand years ago, give it up as a useless job, and say the earth was a dead 
planet? And should we imagine that all at once on April 21 in the year 1920, 
of our reckoning, perhaps the 12,345.678th of theirs, just at the moment when 
we took a fancy to listen, they should make another attempt! 

Secondly, the astronomical side of the question is generally not understood 
at all by those that favor the existence of the Martians. This is that Mars and 
earth bear the same relation to each other that earth and Venus do. When, as 
happened a week ago, the earth and Mars were nearest together for the time be- 
ing and in line with the sun, the earth could see Mars at its best because Mars 
was opposite the sun and presented its fully illuminated side to us, just as the 
moon does when full. But the Martians could then not see the earth at all, be- 
cause the earth was very near the sun and in its glare, like our moon when new or 
like Venus in inferior conjunction, and the earth then turned its dark or night 
side to Mars. With the difficulty that all wireless operators know thoroughly 
of sending and receiving signals in the day time, how could or would the Mar- 
tians signal directly towards the sun? 

Our whole solar system, all the space between the planets in all directions, 
is full of sunlight, and it is dark only on the sides of the planets that are turned 
away from the sun. The ether of space is surely matter of some kind, even if 
highly attenuated. If the little sunlight in our atmosphere puts such a big damp- 
ening effect on wireless waves, what shall we say of the millions of cubic miles 
of sunlit space between us and Mars? 

Dr. Millener’s experiments seem now to have given experimental evidence 
of the nonexistence of the Martians, or at least of their not actually sending sig- 
nals to the earth. The evidence, it is true, is only negative, but as such it is val- 
uable. It seems to me that he might perhaps hear sounds of extramundane origin 
if he repeated his experimerits in the day time when the sun is shining brightly in 
a clear sky. He might then possibly hear storms on the sun by wireless, and 
corroborate the evidence furnished concerning them by the telescope, spectro- 
scope and selenium photometer. But even then wireless would be under a great 
handicap in comparison, because the long waves it makes use of cannot com- 


pare in sensitiveness to the submicroscopic ones of light. But the one great reason 
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why Dr. Millener could not hear any signals from Mars is, of course, that there 
is no one there to send them.—William F. Rigge in the Omaha Bee, May 2. 1920. 





Time as a Fourth Dimension.—In speaking of time as a fourth di- 
mension to space, have not our mathematicians been guilty of a carelessness in 
language which they would be the last to tolerate in symbols ? 
careful to associate (7, y, s) not with ¢ but with ct, where c is the velocity of 
light. The fourth dimension is not time at all, but distance travelled, otherwise 
these same mathematicians would say its dimensions were wrong. Or if it is 
preferred to use time, then we must divide (x, y, 2) by c 


They are always 


, which comes to meas- 
uring distances in light-years before we can associate them with time. 

A further protest against the rather unnecessary mystification of the layman 
may not carry quite so much weight; but all the same let it be made. Is it vital 
to use imaginary time in our language and in our thoughts? As a piece of 
mathematical mechanism it may be useful to treat a hyperbola, +? — y* =1, as a 
A 1; but it is surely straining our powers of 
conception needlessly to talk of the hyperbola as a particular case of a circle, ex- 
cept for the purpose of obtaining results quickly by the methods of projective 
geometry. The “rigid body rotation” invoked for the transformation of da?+ 


particular case of a circle, «7+ y" 


dy'+ds*—c*dt® calls up a false image in some of our minds; it is really a 
simple distortion with which we have to do, and could not this be mentioned in a 
cautionary way? (“From AN Oxrorp Note Book” in The Observatory, April, 
1920.) 





Standard Time in Siam.—From the Journal of the British Astronom- 
ical Association, March, 1920, we learn that Standard Time, 7 hours east of 
Greenwich, has been adopted by the government of Siam, beginning April 1, 1920 





The Castle Rock Tornado.—On the afternoon of May 22, 1920, a de- 
structive tornado passed about two miles west of Northfield, and a few minutes 
later passed through the center of the village of Castle Rock, seven miles north 
of Northfield, Minnesota, razing a church, school house and a number of dwel- 
lings and barns to the ground. The path of the tornado there was approximately 
300 feet wide. The people of the village were warned by the noise of the ap- 
proaching tornado, and most of them sought safety in the cellars so that none 
were killed, but several were injured by falling debris. 

Two of the students of Carleton College watched the progress of the tornado 
for several miles. They report that at times there were as many as five small 
funnels accompanying the large one. which may account for some buildings be- 
ing left, apparently within the track of the tornado. These must have been in 
the space between the large and small funnels. 

The students say that the cloud from which the funnels descended appeared 
to rise and fall, and that whenever it descended low, immediately afterward it 
seemed to bring up quantities of dirt and debris 

The following is part of the account of another eye witness, which was 
published in the Northfield News of June 3, 1920: 


As we live about two miles east of where the storm of May 22 struck and 
had a very plain view of it, I will try to tell of it as we saw it. It was not a 
very enjoyable incident, as we knew a great many people whose property was de- 


stroyed, and we also have lived in that neighborhood. We first saw it as I op- 
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ened the front door after that first severe storm had passed over. We looked 
toward the southwest and saw a real funnel-shaped cloud, seemingly near the 
college. It did not seem to be doing much, only floating along the ridge of the 
clouds that had formed during the storm, but as quick as you could say it, the 
clouds seemed to pick up power and we could see at the bottom of the point, now 
getting closer to the earth, what seemed to be smoke and dust or dirt, forming in 
the whirl of it, and it seemed to grow darker and reach down as an elephant’s 
trunk, and get mightier and blacker as it went on its mission of destruction to 
wipe these farm homes off the earth. The dark, whirling, surging mass of clouds 
it was connected with in the sky seemed to furnish this demoniacal power as it 
went. 

As it struck the farm home of J. McWhorter, pieces of houses and barns 
went up into the air like bits of paper, sailing a distance and then going down to 
earth again, and when it was gone we knew their buildings were in a heap, as 
we could always see their houses very plainly in the opening And so it went 
on and on roaring and tearing next into H. Nelson’s home. When it had passed 
we looked with the glasses and could see what seemed to be a roof and debris 
on the ground around it, so we knew it had done its work there. On its -way, 
growing blacker all the while, it went, apparently aiming at Castle Rock, when 
pieces of something square went into the air, quite high up at first. Then all 
kinds of stuff went into the air, as if you would turn a hose into a pile of paper, 
the whirlwind doing all the damage it could in its wild fury. Then it lifted itself 
high in the air, like some gigantic animal that had killed its prey and seemed to 
say, “I’ve played myself out. I'll go back from where I came 

Mrs. M. L. KeEever 


The Dominion Astrophysical Observatory, Victoria, B. C., has 
issued Volume 1, No. 1, of its Publications. This gives a description of the 
Building and Equipment written by Director J. A. Plaskett. It is well illustrated 


with fine engravings of the building and instruments in various stages of con 


struction, and is full of matter interesting to astronomers, and of especial use to 
those who may be planning the construction of similar buildings and apparatus. 





Personnel of the National Committee of Canada for the 
International Astronomical Union. 
Director of the Dominion Observatory (Dr. Otto Klotz) 
Director Dominion Astrophysical Observatory (Dr. J. S. Plaskett) 
R. M. Stewart (Assistant Director Dominion Observatory ) 
Dr. R. E. DeLury (Research Astronomer Dominion Observatory ) 
Dr. F. Henroteau (Astronomer Dominion Observatory). 
W. E. Harper (Research Astronomer, Dominion Astrophysical Observatory). 
Dr. C. A. Chant (Professor of Astronomy, University of Toronto) 
Dr. A. F. Miller (Toronto). 
C. C. Smith (Meridian Circle, Dominion Observatory ) 
Dr. R. K. Young (Astronomer Dominion Astrophysical Observatory ) 
Professor L. V. King (McGill University, Montreal ) 
Otto KL iotz, 


Chairman of National Committee 


May 27th, 1920. 
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The Warner and Swasey Company recently celebrated the Fortieth 
Anniversary of the founding of their firm and the twentieth anniversary of the 
Corporation into which the partnership developed in 1920. They have issued a 
beautifully printed and illustrated pamphlet giving a brief history of the Partner- 
ship and Corporation. 

It will be known to many of our readers that the Warner & Swasey Com- 
pany has built several of the largest telescope mountings in the world, notably 
the 36-inch Lick Telescope, the 26-inch of the U. S. Naval Observatory, the 40- 
inch of Yerkes Observatory and the 72-inch Reflecting Telescope of the Domin- 
ion Astrophysical Observatory, Victoria, B. C. 

Telescope making, however, has been only a small part of the work of the 
firm, which has devoted its energy chiefly to the designing and building of labor 
saving machinery, especially machine tools. 





Relative Immortality.—It follows as a consequence of the Relativity 
Theory, that a man travelling with the velocity of light would achieve immortal- 
ity. Nothing happens to him, because in Einstein notation dt = 0, and also dx, 
dy, dz and ds. It also follows, however, that one of his linear dimensions is re- 
duced to nothing, while his mass becomes infinite. 


He who would live for ever, has a method now in sight: 

He leaves the earth and swiftly flies through space with speed of light; 
No longer need for him to write immortal verse like me 

For nothing are ds, dx, dy, dz, dt. 


And though squeezed flat as wafer, inconvenience he may feel, 
As “nothing happens” he will not have much excuse to squeal; 
His aspiration cannot fail to reach entire success, 

For nothing are dx, dy, dz, dt, ds. 


Again, his body gathers mass till that is infinite, 

Yet as he flies he seems to be than hydrogen more light, 
And “nothing happens”; he relies on fixed Naturae lex, 
For nothing are dy, dz, dt, ds, dx. 


And though his plight, with nothing doing, may be dull to face, 
That of the one who faster flies must be a sadder case; 

This second one lives backwards while continuing to fly, 

For nothing are dz, dt, ds, dx, dy 


The first is squeezed and weighted though for ever he may live; 
The second travels inside out, mass great but negative; 
Returned he finds himself not born, yet both his parents dead; 
For nothing are dt, ds, dx, dy, dz. 


:. O. F. in the Journal of the British Astronomical Association, February, 1920). 





Why is the Moon Not Always Round?—It is. The reason it changes 
in appearance is that the earth’s shadow is thrown upon it by the sun, and the 
size of the shadow varies each night when the moon is visible. (From an English 
newspaper. ) 





